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CHAPTER! 
INTRODUCTION 
Grain legumes, commonly known as pulses, belong to the family 
Fabaceae. Different kinds of legumes provide us food, medicines and 
timber and they contain a higher percentage of protein than most 
other plant foods. 
Pulses are wonderful gifts of nature with unique ability of 
biological nitrogen fixation, deep root system, mobilization of insoluble 
soil nutrients and bringing qualitative changes in soil's physical 
properties which make them to known as fertility restorers. Pulses are 
the vital part of the Indian diet as they are very rich in proteins, 20 to 
25% protein by weight, which is double the protein content of wheat 
and are sometimes called "poor man's meat". For economic and social 
reasons, the Indian sub-continent heavily depends on pulses as 
source of proteins, minerals and vitamins in the daily diets of people. 
Pulses have been reported to reduce the levels of cholesterol and blood 
glucose (Soni et al, 1982; Sukhminder et at, 1992). 
India grows a variety of pulse crops under a wide range of agro-
climatic conditions and has a pride of being the world's largest 
producer of pulses. Trends in area, production and yield of pulses in 
India are given in Table 185 Fig. 1. 
Table 1: All India area, production and yield of pulses. 
Year 
2000-01 
2001-02 
2002-03 
2003-04 
2004-05 
2005-06 
2006-07 
2007-08 
2008-09 
2009-10 
Area 
(m ha) 
20.35 
22.01 
20.50 
23.46 
22.76 
22.39 
23.19 
23.63 
22.37 
NA 
Production 
( m t ) 
11.08 
13.37 
11.13 
14.91 
13.13 
13.39 
14.20 
14.76 
14.66 
4.42 
Yield 
(kg/ha) 
544 
607 
543 
635 
577 
598 
612 
625 
655 
NA 
NA: not available 
(Source: Ministry Of Agriculture) 
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Fig. 1: Area, production and yield of pulses in India. 
Faba bean (Viciafaba L.), sometimes referred to as broad bean, 
horse bean or field bean, is a major food legume because of high 
nutritional value of it's seeds, which are rich in protein and starch. 
Nutritional composition of faba bean is given in Table 2.Fig. 2. Faba 
bean is grown as a winter crop in temperate regions. Faba bean, being 
a crop of Mediterranean origin, plays an important role in the farming 
systems of the countries, around the Mediterranean sea. The 
Mediterranean basin countries account for nearly 25% of total global 
area and production of faba bean in the world. It is believed that this 
bean was cultivated in Europe in prehistoric times, where it was 
probably introduced by the western Aiyhans at the time of their 
earliest migration. It was taken to China later, a century before the 
Christian era, still later to Japan and quite recently in to India. It is 
cultivated in India in the Punjab, northwest States and Nilgiris up to 
1500-1800 m height. Seeds are sown from the middle of September to 
the end of October and the crop is harvested when the pods are well 
developed. Suited to most soils and grows well on heavy clay soils, 
faba bean is susceptible to a range of pests and diseases and will not 
compete well with weeds. Control of broadleaf weeds in faba beans can 
also be problematic. 
There is a great potential for improving the productivity and 
yield stability if the biotic and abiotic stress factors are effectively 
controlled and inherent yield potential of the cultivars is improved. 
crude fibres 
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Fig. 2: Nutritional composition of faba bean. 
Table 2: Amino acids and minerals composition of faba bean. 
Amino acids* 
(Value per 100 g) 
Tryptophan 
Threonine 
Isoleucine 
Leucine 
Lysine 
MetJiionine 
Cystine 
0.247 
0.928 
1.053 
1.964 
1.671 
0.213 
0.334 
Phenylalanine!. 103 
Tyrosine 
Valine 
Arginine 
Histidine 
Alanine 
0.827 
1.161 
2.411 
0.664 
1.070 
Aspartic acid 2.916 
Glutamic acid4.437 
Glycine 
Proline 
Serine 
1.095 
1.099 
1.195 
Minerals** 
(Value per 
Calcium 
Iron 
Magnesium 
Phosphorus 
Potassium 
Sodium 
Zinc 
Copper 
Manganese 
100 g) 
103 
6.70 
192 
142 
1062 
13 
3.14 
0.824 
1.626 
Source: USDA National Nutrient Database for Standard Reference, Release 21 
(2008). 
^^..^^^o^^^^ '^^ ^^^ 
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Fig.3: Compsition of amino acids in faba been (100 g) 
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1.1. Botanical description 
Faba bean, also known as bakla in India, is an annual herb 
with coarse upright stems, unbranched tall, with 1 or more hollow 
stems from the base (Bond et al, 1985; Duke, 1981; Health et al, 
1994). Leaves are alternate, pinnate and consist of 2-6 leaflets and 
unlike most other members of genus; it is without tendrils or with 
rudimentary tendrils (Kay, 1997; Bond et al, 1985). Flowers are large, 
white or purple, bom on short pedicels, stamen 10, anther generally 
bilobed, intrude usually open longitudinally, monocarpellary, 
unilocular ovary, marginal placentation. In most cases, the ovary has 
small, ovules, arranged in two alternating rows along the ventral 
structure, ovules generally anatropous, style simple, ovary superior or 
half inferior, legume (pod) dry dehiscent type of fruit, developed from 
monocarpellary ovary breaking through both margins, non 
endospermic with two cotyledons, more or less round or oval. Tap root 
with profusely branched secondary roots. Based on seed size, two 
subspecies were recognized, paucijuga and faba. The latter was 
subdivided in two varieties; var. minor with small rounded seeds and 
var. major with large broad flat seeds (Kay, 1979; Bond et al, 1985). 
Cubero (1974) suggested four subspecies, namely : minor, equine, 
major and paucijuga. 
1.2. Origin and evolution 
Faba baen is an ancient crop. The name of faba originates from 
one of the forms of Greek verb mean "to eat" which highlights its use 
6 
for food and feed by the ancient Greeks and Romans (Muratova, 1973 
and Cubero, 1974) postulated the near east as its centre of origin, 
with four different routes radiating from this centre (i) to Europe; (ii) 
along the northern Africa coast of Spain; (iii) along the Nile to 
Ethiopia; (iv) from Mesopotamia to India. Secondary centre of diversity 
are postulated to have occurred in Afghanistan and Ethiopia. 
However, Ladizinsky (1975) reported the origin to be in central Asia. 
According to Muratova (1931) and Maxted (1995) the centre of origin 
for the genus Vicia is southeastern Europe and southwestern Asia. 
Trait analysis have distinguished two groups: the small-seeded form 
in southwestern Asia, including India, Afghanistan and adjoining 
regions of Bukhara and Kashmir; and large-seeded forms in West. 
Recent archaeological findings at Tell el-Kerkh, in northwest Syria, 
indicate a date of origin of faba bean during the late 10*^ ^ millennium 
BC. All these data point to southwestern Asia as the principle centre 
of Vicia faba origin. The Mediterranean region, with the concentration 
of large-seeded forms, is considered to be a secondary centre 
(Muratova, 1931). Numerous archaeological data testify this group has 
a much younger age. Remains of Vicia faba in archaeological 
excavation in the Mediterranean basin and central Europe are dated 
to the 2nd to 3^ d millennia BC (Bond, 1976; Cubero, 1973 and 
Witcombe, 1982). 
1.3. Cytology and biosystematics 
Faba bean has the advantage of having relatively large 
chromosomes that are excellent for assessing chromosomal 
7 
aberrations. Pollen mother cells of faba bean are the most frequently 
used higher plant material for assessing chromosome damage. Several 
wild species are taxonomically closely related to the cultivated crop, 
but they contain 2n=14, where as faba bean has 2n=12 chromosomes. 
By studying nuclear DNA amounts and the chromosome 
number of 56 Vicia species, Raina and Rees (1983) have shown that 
Vicia faba has a high content of DNA and the presence of a large 
metacentric pair of chromosomes, which are twice the size of the 
remaining five pairs of acrocentrics. This large chromosome is 
probably derived from an ancestral fusion of two acrocentrics (Fuchs 
etal, 1998). 
1.4. Culinary uses 
Faba beans are eaten while still young and tender, enable 
harvesting to begin as early as the middle of February. Faba bean, left 
to mature fully, are usually harvested in the late April. The young 
leaves of the plant can also be eaten either raw or cooked like spinach. 
The beans can be fried and then salted and/or spiced to produce a 
savory crunchy snack. 
Faba beans have potential for treatment of parkinson disease, 
hypertension, renal failure and liver cirrhosis. The elders generally 
restrict the young children from eating them raw because they can 
cause constipation and jaundice like symptoms. Raw faba beans 
contain vicine, isouramil and convicine, which can induced hemolytic 
anemia in patients with the hereditary condition glucose-6-phosphate 
dehydrogenase deficiency (G-6PD). This potentially fatal condition is 
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called 'favism' after the faba bean. Favism is a hereditary abnormality 
in the activity of red blood cell enzyme. This enzyme, glucose-6-
phosphate dehydrogenase {G-6PD), is essential for assuring a normal 
life span for red blood cells. This enzyme deficiency provokes the 
sudden destruction of red blood cells and lead to hemolytic anemia 
with jaundice following the intake of faba beans. 
Different varieties of faba bean are released from mutation 
breeding. Some varieties of faba bean are listed below (Table 3) which 
were released for cultivation in various countries. 
Table 3: Faba bean varieties released in different countries. 
Country 
Australia 
China 
Egypt 
Ethiopia 
Iran 
Maxico 
Sudan 
Syria 
Tunisia 
Turkey 
Yemen 
Variety 
ICARUS, Rossa, Fiesta VF, Manafest, Farah, Cairo 
HBP/B/So/2001,S.L.L. 
Gizablanca, Giza 429,Giza 461, Giza 643, Giza 
674, Giza? 14, Giza? 17, Giza 2, Giza 3, Giza 40, Giza 
843, Masr 1, Nubarial, Sakha 1, Masar 2, Sakha2, 
S a k h a 3 , Wadi-1 
Bulga-70, Mesay, Tesfa, EHO11-22-1, Selale Kasim 
91-13, R 878- 3, Grargarso 89-8, Wayu 89-5, Selale 
Kasim 89-4, Gebelcho 
Barkat 
San Isidro 
Sellaim-ML, Shambat 104, Shambat 75, Basabeer, 
Hudeiba 93, Shambat 616 
Hamal 
Bachaar, Chahbi 
Yilmaz 98 
Shebam 1, Shebam 2 
1.5. Induced mutation 
Faba bean {Vicia faba L.) is one of the most important grain 
legumes in world because of its multiple uses, its high nutritional 
value, and it's ability to grow over a wide range of climatic and soil 
conditions. An optimum strategy for maintenance and utilization of 
locally available plant genetic resources is required for plant breeders 
to develop new varieties. Faba bean is a partially cross-pollinated 
crop. The out crossing rate among different faba bean populations or 
different genotypes of the same population depends on various factors, 
such as the floral and inflorescence characteristics of the genotype 
and pollination abundance. The lack of adequate pollination and 
reduced seed setting can be major constraint to yield. Flower drops, 
seed abortion and pests such as Botrytis fahae, Ascochyta 
fabae,Uromyces fahae, Orbancke crenata and Aphis fabae are also 
major constraints to yield. Faba bean is grown as a minor vegetable 
crop in India. In spite of it substantial production potential, no 
attention has been paid to its improvement and to increasing the 
production of local strains in different parts of the country. Mutation 
is the only method by which allelic differences between the genes can 
arise. Brock (1970) found that induced mutations are considered as 
the alternative to the naturally occurring variations, as the source of 
germplasm for plant improvement programmes and as alternative to 
hybridization and recombination in plant breeding. The relative 
advantages of mutation and recombination in plant breeding have 
been considered in relation to genetic nature of trait to be improved in 
the breeding system of the species. The direction and rates of 
10 
mutations vary in different genes. Mutations with large effects cause 
large disturbances in the normal development and functioning, 
therefore mutations with small effects are of importance in evolutions. 
Induced mutations are found to be successful in yield characters, 
alteration in grain or seed quality is generally useful. Mutagenesis is a 
tool to increase variability in species in which natural variation is not 
large or, as often happens, where phenotypes desired by plant breeder 
are not available because they disappeared due to their poor 
competitive ability in natural condition. 
The possibilities offered by mutagenic agents to induced new 
genetic variation are, therefore, of extreme interest. It might in many 
cases be the only answer to problems posed upon the practical 
breeder. A induced mutation is very important event when it has a 
small effect for a specific morphological or physiological character, 
because it change the balance established by natural selection in co-
adapted blocks of genes and it, therefore, offers new situation for 
natural and artificial selection. 
Using induced mutations, breeders have found many desirable 
traits through an increase in genetic variability and by broadening of 
genetic base (Micke, 1979). Mutagens showed three different types of 
effect i.e, biological damage, gene mutation and chromosomal 
mutation. Gene and chromosomal mutation may pass on to next 
generation, but the biological damage is restrict to only Mi.There has 
been a number of attempt to assess mutagens induced genetic 
variability in Viciafaba L. (El-Shouny and El- Hosary, 1983; Filippetti 
11 
and Marzano, 1984; Vandana, 1992; Kumar et al, 1993 Yasin, 1996 
and Fatma, 2007). 
In the present study, a breeding programme for Vicia faba L. 
varieties HB-405 and NDF-1, using Hydrazine hydrate (HZ) and Maleic 
hydrazide (MH), has been undertaken to induce genetic variability in 
the crop. 
The objectives of the study were: 
1. to study the effect of chemical mutagens (HZ and MH) on such 
biological parameters such as seed germination, seedling height, plant 
survival, and pollen fertility in Mi generation 
2. to study the effect of chemical mutagens i.e, HZ and MH on the 
meiotic and mitotic behavior of chromosomes, and 
3. to test effectiveness of chemical mutagens for the induction of 
quantitative variability 
4. to study the frequency and spectrum of morphological variations. 
12 
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CHAPTER-2 
REVIEW OF LITERATURE 
Mutations are inherited changes in the genetic material which 
produce new genetic variation that allows organisms to evolve. They 
have been employed to improve morphological, physiological, disease 
resistance and quantitative characters including yield and yield 
contributing traits. Hugo-de Vries in 1901 for the first time used the 
term mutation for the appearance of a new type in evening primrose 
{Oenothera) plants. He published the book entitled "The Mutation 
Theory". In this he showed that if humans learn command over origin 
of mutations, superior strains of plants and animals can be produced. 
In his first paper, Muller (1927) on 'Artificial trans mutation of gene' 
hoped that practical breeders need no longer lie on the mercy of the 
existing limited genetic variability. He found that X-rays considerably 
enhance mutation rate in Drosophila. Success with X-rays was 
achieved by Stadler (1928a, b) in barley and maize. 
Indications about the possibility of induction of mutations by 
the use of chemical mutagens started appearing within a decade after 
discovery of the phenomenon. The first elaborated report was 
presented by Auerbach and Robson (1942) who showed that mustard 
gas (dichloro-ethyl sulphide) could induce chromosomal breaks in 
Drosophila. These studies opened a flood gate to research into the 
mutagenic effects of a variety of chemicals. 
13 
In 1969, the joint FAO/IAEA Division started to organize course 
for plant breeders on the induction and use of mutation and in the 
same year published first edition of the manual and mutation 
breeding. It may, therefore, be justified to consider 1969, as the year 
that marked the establishment of mutation breeding as a practical 
tool available to plant breeder in their endeavors to develop more 
productive cultivars with better resistance to stresses, pathogens, and 
pests, and with improved quality characteristics for plant products 
used as food, feed or industrial raw material. Brock (1970) considers 
that induced mutations are as an alternative to naturally occurring 
variations, as the source of germplasm for plants improvement 
programmes and as an alternative to hybridization and recombination 
in plant breeding programmes. 
2.1. Induction of mutations by hydrazine 
There is a certain amount of evidence about the mutagenic 
action of hydrazine in both prokaryotes and eukaryotes. It was 
sometimes classified as an inactivating agent with weak mutagenic 
activity (Fishbeain et al, 1970) but studies with bacterial species 
suggested that it can fairly be a potent mutagen with little or no toxic 
effect (Kimball and Hirsch, 1975). A useful review of the earlier work 
with special emphasis on the chemical basis of mutagenesis of 
hydrazine was given by Brown et al. (1966). Hydrazine was reported to 
induce a variety of morphological, physiological and colour mutants in 
several crop plants such as barley (Shangin Berezovsky et al, 1973), 
maize (Chandra shekhar and Reddy, 1971), potato (Upadhya et al., 
14 
1974), rice (Ratho and Jachuck, 1971; Reddy and Reddy, 1972; Reddy 
et at, 1973), tomato (Jain and Raut, 1996; Jain et at, 1969; Raut, 
1969; Yakovleva, 1966) and chickpea (Parveen, 2006). In general, 
hydrazine in these studies appeared to be as successful as the other 
potent mutagens. 
However, it appeared to differ in two ways. 
(i) It produced an number of mutations detectable in Mi 
generation whereas the other mutagens produced fewer or 
none, 
(ii) The sepectrum of mutational changes (phenotypic classes) 
for hydrazine was generally very different from that of other 
mutagens (Kimball, 1977). Hydrazine has been reported to 
react with the pyrimidines in DNA to saturate the 5,6 double 
bond, especially of thymine from N"*- amino cytosine and to 
open up the pyrimidine ring with consequent loss of 
pyrimidines from DNA or through intermediate radical 
reations including the formation of hydrogen peroxide 
depending upon the hydrazine derivatives involved (Kimball, 
1977). There are some unexpected features concerning time 
of detection and locus specificity that are not yet explained. 
The mutations produced by hydrazine seen to be mainly or 
entirely single locus changes (Parveen, 2006). It is known in 
microganisms that the base specific chemical mutagen, 
hydrazine directly acts on thymine, pH 8.5, one of the four 
bases of deoxyribonucleic acid (DNA), which might bring 
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about mutations (Frease, 1963). In higher organisms like 
Drosophila and Lycopersicon, hydrazine is known to induce 
homozygous recessive mutations in the first generation (Mi) 
(Jain et at, 1969). Multiple stock of maize ten dominant 
genes located on ten different chromosomes, when treated 
with hydrazine, gave recessive endosperm and seedling 
mutants in Mi itself due to the mutation of both the alleles of 
a locus on homologous chromosomes (Chandrashekhar and 
Reddy, 1971). Ratho and Jachuck (1971) on sequential 
treatment with hydrazine and hydroxylamine, designed to 
induce awnless condition in rice, failed to show any 
morphological or chlorophyll mutation in Mi. Even in M2 
surprisingly, chlorophyll mutations were absent and only the 
desired awnless mutant beside two other morphological 
mutant were observed. In view of the above, the present 
study was undertaken to see hydrazine induces mutations in 
rice in the first generation after treatment. (Reddy and 
Reddy, 1972). 
2.2. Induction of mutations by maleic hydrazide 
Schone and Hoffman (1949) discovered that maleic hydrazide is a 
potent inhibitor of plant growth, since then the compound has been 
widely used in agriculture as a selectively weed killer and as a 
depressant of plant growth in various circumstances. Shortly after 
introducing MH as a major commercial herbicide Darlington and 
McLeish (1951) discovered its potent chromosome breaking activity in 
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plant cells. Structurally MH closely resembles the pyrimidine base 
urasil. Mode of action of MH involves interference with sulphydryl 
group which reduce the synthesis of those enzymes in which SH-
groups are required. Therefore, this chemical effects SH-bond in some 
way as a concequence of which the proteins necessary for formation of 
spindle apparatus are also affected. 
2.2.1. Effect on cellular metabolism 
MH is readily absorbed both by roots and leaves, although the 
uptake MH has not been studied extensively for its ability to induce 
point mutation either in prokaryotes or eukaryotes. According to few 
data available, it appears to be mutagenic in some systems, but in 
others no point mutatios were induced. In higher plants, MH 
produced a low frequency of chlorophyll mutations in barley, and 
accordingly was claimed to be a weak mutagen as compared with N-
nitroso-iV methylurea (Malepsy and et al, 1973). On the other hand, 
Sanz and Hack (1970) did not observe induction by MH of resistance 
to wheat rust {Puccinia graminis) in wheat plants. According to 
Coupland and Peel (1972a, 1972b) and Smith et al, (1959) the 
compound accumulates preferentially in areas of active growth. The 
dividing cells are generally considered to be the place of the primary 
action of MH in plants. 
It has been established that, in several plant species, MH 
interferes with the metabolism of nucleic acids and proteins. 
Povolotzkaya (1961) observed inhibitory effect of MH on the synthesis 
of nucleic acid in germination of potato tubers. The effect being 
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greater in isolated meristems than in intact tissues. Evanz and Scott 
(1964) reported the inhibition of DNA synthesis by MH in Vicia faba 
they used an auto radiographic method with 3H- labeled thymidine. In 
the study of cell cycle duration these authors proved that MH 
treatment extends the DNA synthesis period by about 13 h. 
It was postulated by Lobov (1971) and by Lobov et al, (1969) 
that, in plant cells, MH can replace a pyrimidine or urine base in DNA 
precursors, both nucleosides and nucleotides. If this is true, 
nucleotides in which the nucleic acid base is replaced by MH can 
block the activity of DNA polymerase, resulting in a decreased rate of 
DNA replication. Another possibility is that inhibition of DNA 
synthesis is due to incorporation of MH containing nucleotides in to 
the growing polynucleotide chain. 
2.2.2. Induction of chromosomal aberrations 
Chromosomes breaking effect of MH in plants was first 
described by Darlington and McLeish in 1951. According to their data 
and those reported later by McLeish (1953) in Vicia faba, MH induced 
chromosomal aberrations were preferentially localized in 
heterochromatic segments, the effect was of the delayed type and the 
aberrations, only of chromatid type, were produced with normal 
rejoining of broken ends. Chromosome breaking effects of MH in 
plants have been confirmed for a number of plant species, such as 
oat, maize, soyabean (Carlson, 1954), barley (Kagramanyan, 1975; 
Mann, 1977; Prize and Schank, 1973), Cerpis capillaries ( Dubinina 
and Dubinin 1968, Bhatia et al, 1974), Nigella domescena (Natarajan 
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and Ahnstrom, 1969), Allium cepa (Mc Manus, 1960) and Aloe vera 
(Gupta and Malik, 1971). 
Localization of MH induced chromosomes damage in 
heterochromatic regions has been studied in Michaelis and Rieger 
(1968) and by Rieger (1973) with the use of the new karyotype of Vicia 
faba characterized by transfer of individual chromosome segments to 
another position within the karyotype. The transfer of chromosome 
segments in which aberrations were preferentially localized was 
accompanied by a corresponding shift in aberration distribution. 
Preferential localized of aberrations induced by MH in heterochromatic 
segments of Vicia chromosomes was also reported by Slotova et al. 
(1971), Natarajan and Ahnstrom (1969). Graf (1957) also observed in 
maize a distinct correlation between the number of anaphase bridges 
and that of heterochromatic knobs in the variety studied. 
The frequency of chromosomal aberrations induced by MH in 
plants depends strongly on pH and temperature during treatment. 
According to Kihlman (1956) in Vicia the yield of aberrations is about 
4 times higher at pH 4.7 than at pH 7.3 and increase with 
temperature. Chromosome breaking effects of MH can be inhibited by 
respiratory inhibitors such as cyanide, carbon monoxide and azide 
and enhanced by the presence of oxygen, although the compound has 
also a considerable effect under anaerobic conditions. It was reported 
by Loveless (1953) that, in Vicia, the rate of production of 
chromosomal aberrations by MH was not affected by pre post or 
simultaneous treatments with 10 times the concentration of uracil, 
19 
thymine or orotic acid. The observation of Coupland and Peel (1972a) 
that uracil does not inhibit the uptake of MH seems to explain the 
data of Loveless (1953) on the lack of effect of uracil on productionof 
chromosomal abnormalities by MH. According to Kaul and Choudhary 
(1975) the chromosomal breaking effect of MH were decreased in 
onion and barley by sodium thiosulphate, a similar protecting effect of 
thiol groups was also reported for alkylating agents. 
2.2.3. Sensitivity to the toxic effects of MH 
Higher plants are particularly sensitive to MH, and respond to 
its action by growth retardation, depending on the dose and length of 
exposure, can be only temporary or lethal. However, among higher 
plants there are clear species, specific differences insensitivity to the 
toxic effects of MH. 
Selective action of MH on higher plants was described by 
Currierans and Crafts in 1950. These authors observed strong 
inhibition of barley growth, whereas in the same conditions cotton was 
apparently unaffected. It was also found that young plants usually 
responded more intensively to MH than older representatives of the 
same species. MH has been used as a non selective grass killer owing 
to its ability to kill young plants of every species (Craft, 1961; 
Hebbleth waite and Burbidge, 1976). It can be assumed that 
differential sensitivity to MH observed among plant species depends 
both on their ability to take up and degrade MH by plant metabolism. 
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2.3. Mutagenic sensitivity and Dose effect 
The frequency and the spectrum of mutations differ somewhat 
depending on the mutagen used and the dose applied. Physical 
mutagens have the advantage of good penetration power, however 
chemical mutagens present particular problem such as uncertain 
penetration to the relevant target cells, poor solubility and finally the 
risk of safe handling (Khan, 1990). 
A considerable amount of mutagenic work has been done by 
physical and chemical mutagens on Viciafaba inducing morphological 
as well as cytological abnormalities. Cases of reduced seed 
germination in Vicia faba have been reported by Vandana and Dubey 
(1988a) by the treatment of ethyl methane sulphonate (EMS) and 
diethyl sulphate (DES). 
The dose required for high mutation frequency of a physical or 
chemical mutagen depends on properties of mutagenic agents and of 
biological system in question. In general, the dose effect of physical 
and chemical mutagenic treatment comprises several parameters of 
which the most important are concentrations, duration of treatments, 
temperature and pH during treatments. 
Lethal dose (LD50) gives an idea about the appropriate dose of 
mutagen in mutation breeding experiments. In chickpea, (Singh, 
1988) reported LD50 value for gamma rays at 400Gy (var. G130) and 
483 Gy (var. H208) and for EMS at 0.25% (var. G130) and 0.27% (var. 
H208). Kharakwal (1981) reported higher lethality in 0.2% EMS 
treatment compared to 400Gy and 500Gy gamma rays. Higher LD50 
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values for gamma rays in chickpea in comparison to other pulse crops 
such as 300Gy in black gram (Khan, 1988) and 200Gy in lentil (Singh, 
1983) indicate its greater resistance to the mutagen. Further, 
differences have been observed for LD50 values in different chickpea 
varieties, which are attributed to their differential radiosensitivity. 
Both gamma rays £ind EMS have shown to have a close related 
reduction in seed germination and pollen fertility (Nerker, 1977; Rao 
and Laxmi, 1980; Khanna and Maherchandani, 1981; Gautam et al, 
1992; Wani, 2007). Dose linked effectiveness of EMS and gamma rays 
was noted in chickpea in terms of germination, reduction in pollen 
fertility, chlorophyll mutations and seedling height (Kalia et al, 1981; 
Kharkwal, 1981; Khanna, 1991; Gumber et al, 1965; Parveen, 2006). 
Similar effects were also reported in peas (Salim et al, 1974), Vigna 
radiata (Singh and Chaturvedi, 1998; Khan and Wani, 2004), Lens 
culinaris (Sharma and Sharma, 1981; Wani, 2003), Arachis hypogea 
(Venkatachalam and Jayabalan, 1995) and Nigella sativa (Mitra and 
Bhowmik, 1999). 
With a view to enhance the mutation rate and also to alter the 
spectrum of mutations, many variations in the treatment methodology 
have been used by different workers. Treatments with chemical 
mutagens have been given to dry as well as to soaked seeds, seedling 
at different developmental stages, different phases of cell cycle at 
variable temperature and ionic concentrations (Chopra and Pai, 1979). 
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2.5. Biological damage 
Bhat et al. (2007) studied the comparative analysis of meiotic 
aberrations induced by diethylsulphate (DES) and sodium azide (SA) 
in broad bean [Viciafaba L.). They found that both mutagens DES and 
SA elicit various chromosomal aberrations in meiosis and reduction in 
seed germination, pollen fertility and seedling survival. Such effects 
were dose dependent. Khan et al. (2007a) investigeted the clastogenic 
effects of 8-hydro3Q^l quinolone (8-HQ) in Vicia faba L. They took six 
different concentrations (0.25, 0.50, 0.75, 1.00, 1.25 and 1.50%) of 8-
HQ and observed the effect of the concentrations on meiosis and 
pollen fertility in var. major of faba bean. The meiotic studies revealed 
a dose dependent decrease in chiasma frequency from 18.56 in the 
control to 17.80 at 1.50% 8-HQ at prophase-I and from 17.76 in the 
control to 16.92 at 1.50% 8-HQ at metaphase-I. The other meiotic 
aberrations observed were stickiness, laggards, univalents, 
multivalents, bridges, fragments, precocious separation etc. The 
stickiness of the chromosomes was the most common aberration, 
followed by the precocious separation and laggards. Among the 
different stages of meiosis, the frequency of chromosomal aberrations 
was maximum at metphase stage. 
Khan et al. (2007b) investegeted comparative analysis of meiotic 
abnormalities induced by caffeine, and DES in Vicia faba L. var. 
major. Mutagens exhibited various kind of chromosomal 
abnormalities, and caused reduction in pollen fertility. However, the 
percentage of abnormalities induced by DES was higher than that of 
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caffeine, suggesting that DES could be more effective in inducing 
genetic changes compared to caffeine in this crop. 
Bhat et al. (2007) studied meiosis in two varieties viz. minor and 
major of Vicia faba L. after EMS treatments. Cytological analysis 
revealed different types of meiotic abnormalities such as stickiness, 
univalents, multivalents, disorientation of chromosomes, precocious 
separation of chromosomes at metaphase and bridges, laggards and 
unequal separation of chromosomes at anaphase. Var. minor showed 
more chromosomal abnormalities compared with var. major. 
Fatma and Khan (2009) observed the effect of dES on the two 
varieties of faba bean namely ELI 17792 and EL354984. Various types 
of chromosomed abnormalities such as stickiness, bridges, 
nons3aichronization, misorientation and cytomixis were recorded in 
mutagen treated population. A dose dependent increase in meiotic 
abnormalities was observed in the two varieties. However, the 
induction of chromosomal abnormalities was higher in the var. EL-
117792 than the var.EL-354984, indicating that it was more sensitive 
to the chemical mutagenic treatment and the improvement in yield 
related trait can easily be made. 
Mansour and Kamel (2005) studied the interactive effects of 
heavy metals and gibberellic acid on mitotic activity and some 
metabolic changes of Vicia faha L. plants. Result showed that different 
types of chromosomal aberrations were observed in response to heavy 
metals. 
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Prashant and Verma (2005) studied asynaptic mutant in faba 
bean induced by EMS. They isolated asynaptic mutant of Vicia faba 
from M2 population of 0.2% EMS. The mutant was designated as 
medium strong asynaptic mutant. There was a significant decrease in 
the number of chiasmata and pollen fertility in this plant as compared 
to the control. The inheritance of this asynaptic mutant was 
monogenic recessive type. 
. Prashant et al (2004) they treated seeds of Vicia faba with 
.005% colchicine for 8h and reported high frequency of colchicine 
induced autotetraploids. Presoaking the seeds in distilled water for 
20h proved more effective in inducing polyploidy. Haroun et al. (2004) 
observed cytomixis in the microsporgenesis of Vicia faba L. Cytomixis 
was observed to occur in forms of cytoplasmic connection and direct 
fusion. The first type was more frequent than the second one. The 
percentage of pollen fertility was also affected by cytomixis. Haroun 
and Al- Shehri (2001) studied cytogenetic effects of Calotropis procera 
extract on Vicia faba L. Low doses of the extract increased the mitotic 
index (MI) and caused stimulatory effects on germination percentage 
and plant height. On the other hand, high concentrations gave rise to 
substantial reduction in MI, germination percentage and plant height. 
Various types of mitotic and meiotic abnormalities were observed. 
Dolezel et al. (1992) investigated a high yield procedure for isolation of 
metaphase chromosome from root tips of Vicia faba L. 
Khan et al. (2004) treated the seeds of two varieties of Cicer 
arietinum L. with EMS, HZ and SA and found a broad spectrum of 
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morphological mutations in M2 generation. The extended variability 
among these mutations was analyzed in term of mutation frequency. 
The frequency of these mutations varied depending on variety and 
mutagen. EMS induced wider frequency and spectrum of mutations 
followed by HZ and SA. Var. Avarodhi produced maximum frequency 
of leaf mutants where as var. BG-256 gave maximum frequency of 
seed mutations. 
Khan and Wani (2005) reported the genetic variability and 
correlation studies in M3 mutants of chickpea varieties Avrodhi and 
BG-256 following the treatment with 0.02% hydrazine hydrate. The 
study indicated that sufficient genetic variability was present for 
number of fertile branches, pods and plant yield in mutants. Thus, 
these mutants may have a higher selection value and breeding 
significance. 
Kak and Kaul (1975) studied the mutagenic activity of hydrazine 
hydrate in the treatments, were administered alone or in the 
combination of maleic hydrazide and X-rays. Hydrazine was able to 
produce chlorophyll mutations in the Mi generation itself if applied 
alone or in a mixture. Khan et al, (2005) obtained a broad spectrum 
of chlorophyll mutation in M2 generation by using EMS, SA and HZ in 
two varieties of Cicer arietinum L. Lower and moderate concentrations 
of EMS gave higher frequency of mutations whereas no such trend 
was noticed with other two mutagens.Total chlorophyll mutation 
frequency was found maximum with EMS treatment followed by HZ 
and SA. George (2000) examined three heavy metals Pb, Hg and Cd for 
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the induction of meiotic abnormalities and changes in M2 seed storage 
protein banding patterns of Viciafaba plants. The results showed that 
lead and mercury have more mutagenic potentialities than cadmium. 
Amarnath and Prasad (2000) studied induced mutations in 
homozygous and heterozygous genotypes of tobacco. Six types of 
chlorophyll and ten types of morphological mutants were isolated in 
M2 generation. Frequencies of chlorophyll and morphological mutants 
were higher in treated heterozygous material as compared to treated 
homozygous material. 
Khan et al. (1998) studied the response of two varieties viz; PS-
16 and K-851 of green gram [Vigna radiata (L.) Wilczek) to maleic 
hydrazide. They found the linear dependence of seed germination and 
pollen fertility on dosage was evident in both the varieties. Var. PS-16 
was found to be more sensitive than var. K-851. Genetic variability 
increased for all the quantitative characters but the different 
characters responded differently to the mutagenic treatments. 
Maximum variability was observed for plant height in both the 
varieties. 
Patil and Bhat (1992) reported a comparative study of MH and 
EMS in the induction of chromosomal aberrations on lateral root 
meristem in Clitovia tematea L. Cytological observations of MH treated 
plants have been studied by many workers and it has been reported 
that MH induce chromosomal damage and also different types of 
chromosomal aberrations (Michaelis et al. 1998). On the other hand 
ethyl methane sulphonate (EMS) is a powerful chemical mutagen. It 
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has been reported that the localization of breaks along the 
chromosomes result from the affinity of EMS for guanine rich areas. 
Adverse effects of mutagens on number of leaves, leaf area and 
colour of leaves have been reported in Vida faba. (Vandana and 
Dubey, 1988b) variation in shape and size of leaflets (Vandana, 1992). 
Chlorophyll mutation (Vishnoi and Gupta, 1980) and reduction in 
pollen fertility by gamma rays Kumar et al, 1993) have been reported 
in Vicia faba. Remarkabale loss in yield has been experienced in Vicia 
faba by Kash (1988) in terms of reduced number of pods, seeds and 
weight of seeds per plant by the treatment of acriflavin and gamma 
rays. The protein content was not necessarily increased if yield was 
increased (Blixt 1970; Hartwig, 1979). A lot of work has been done on 
root tip cells of Vicia faba. Spindle disturbances and bridge formation 
were caused by herbicide tribunil (Mansour, 1984), terbutiyn (Badr, 
1986), chlorosulfuron (Badr and Ibrahim, 1987) and by combination 
of some herbicides (Micieta, 1987). Moreover, spindle disturbances 
and formation of binucleate cells were observed by Ashour and Abdou 
(1990) with igran, topogard and eptam treatments. Abraham and 
Annie, 1989), chromosomal aberrations by benzylphenyl urge (Aabdel 
Rahem and Ragab, 1989), chromosomal aberrations and sister 
chromatid exchange by effect of gamma rays (Kuglik et al, 1990), 
chromosomal damage by benzo alfapyrene, 2-amino fluorene and 
cyclophosphamide (Kanaya, 1990), by the combined treatment of 
maleic hydrazide (MH) and triethylene melamine (TEM) (Rieger and 
Michaelis, 1992) and disturbed mitosis by insecticide temic 15g 
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(Ghareeb and George, 1997) are some of the important studied in 
mitotic chromosomes. 
The occurrence of micro nuclei in root meristems of Vicia faba 
have been reported by the treatment of gamma rays (Diehl and 
Bianchi, 1982; Soran et al, 1981), X-rays (Rizzoni et al, 1987), heavy 
metals like cadmium and chromium (De-marco et al, 1988) 
magnesium sulphate (Abraham and Nair, 1989), herbicides at razine, 
glycophosphate £ind maleic hydrazide (De marco et at, 1992) and 
temic 15g (decarb) (Ghareeb and George, 1997). The reports of 
multipolar telophase- I are also available in Vicia faba. Micronuclei 
were also observed at telophase II of meiosis by mutagenic treatments 
by Amer and Farah (1987) in Vicia faba. 
2.6. Achievements 
An early record of induced mutants has been shown by Ramiah 
and Rao (1953). They reported about 36 X- rays induced mutations 
affecting different characters in rice. Among all of them one mutant 
proved useful from the economic point of view. It had a shorter stature 
with a large number of tillers than the original parent material and 
valuable in that it performed well in rich soil where problem of lodging 
was serious. Looking at progress of mutation breeding, it seems that 
major emphasis has been on obtaining mutants for improved disease 
resistance, improved grain quality (protein), and lodging resistance 
(IAEA, 1984a; Maluszynski et al, 1986) and altering crop duration 
i.e.photoperiod sensitivity (Awan et al, 1982; Gottschalk and Wolff, 
1983; Donini et a/., 1984; Konzak, 1984). Results in terms of improved 
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grain protein were not discouraging, but remained below the rather 
exaggerated expectations {Micke,1983; IAEA, 1984; Muller,1984; 
Awan and Cheema, 1988).This one hand is certainly due to the low 
heritability of quantitative endosperms characters and the inefficient 
selection. With regards to disease resistance, applied selection 
procedures generally have been inadequate to a large extent because 
objectives were poorly defined due to insufficient understanding of 
epidemiological principles and host paresite interaction. Neverthless, 
some results have been rather spectacular (IAEA, 1977; 1983, 
Konzak, 1984). On the other hand, it is worth nothing that more than 
40 years after its discovery one begun to understand the nature of 
mutations in the famous mi o locus of barley and the reasons for the 
universal, non specific resistance rendered by a series of recessive 
alleles in that locus (Jorgensen, 1975; Sokou, 1982). It is also the 
powdery mildew complex where first clear experimental proof was 
obtained as to the possibility of improving quantitative resistance by 
monogenic mutations (1977; Abdle- Hafez and Robbelen, 1979; 1981; 
Azizetal, 1980). 
Most mutation breeding work was annual and self pollinating 
cereals, and experimented to in other groups of crop plants, for 
example, in grain legumes, breeding advances lag far behind than 
cereals, because we have still a relatively poor adaptation of the plant 
architecture to modern farming systems. The plant architecture, of 
course, being the ultimate result of numerous physiological reactions 
and interactions, is therefore, not likely to be inherited as simply as 
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the culm length in cereals (Micke, 1979; 1984). On the other hand, 
reports confirm that even with single monogenic mutation a 
remarkable reconstruction of plant architecture is achievable in grain 
legumes and in other dicotyledonous plants, e.g. in chickpea (Shaikh 
et al, 1980), pigeon pea and mungbean (Rao et at, 1975; Khan and 
Siddiqui, 1996), pea (Jaranwoski and Micke, 1985a), castor bean 
(Kulkarni, 1969), cotton (Raut et al, 1971; Swaminathan, 1972), 
linseed (George and Nayar, 1973; Nayar, 1974). Fast development of 
computer technology enabled FAO/IAEA to organize the data base in 
1987, The information contained in this data is based on data on 
mutant cultivars published in various issues of Mutation Breeding 
Newsletter. According to the latest information available there are 
1239 accesions in the FAO/IAEA Mutant Varieties Database these 
crop varieties were developed either directly after mutagenic treatment 
or through crosses involving mutant varieties or mutant lines. The 
cumulative number of officially released mutant cultivars indicates 
that more than 50 percent of these varieties were released during the 
period between 1980-1995. Maximum numbers of crop varieties 304 
have been released in China followed by India (243), the former USSR 
and the Russia (209), the Netherlands (176), Japan (115) and USA 
(93). Mutant cultivars of cereal dominate (828) followed by legumes, oil 
crops, and industrial crop. Cereals mutation techniques were most 
successfully applied for improving rice (322 mutant cultivars) and 
barley (241) followed by wheat, maize durum wheat and other cereals 
such as oat, millet, pearl etc. Application of mutation techniques for 
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improving a particular crop of group has been the subject of review 
papers published by the International Atomic Energy in Mutation 
Breeding Reviews (Hanna, 1982; Jaranowski and Micke, 1985b; 
Daskalov, 1986; Spiegel- Roy, 1990; Rutger, 1992; Micke et al, 1993). 
Mutation breeding has made significant contribution in 
increasing the production of faba bean all over the world. Thirteen 
varieties of faba bean produced through mutation breeding are listed 
below in table 4. 
Table 4.Faba bean varieties developed through induced mutation 
Variety 
Karna (H448) 
Ti nova 
Tuwaitha 
Babylon 
Stego 
Dino 
Bronto 
Tinos 
Martin 
Year of release 
1983 
1986 
1994 
1994 
1987 
1987 
1989 
1992 
1994 
Country 
Austria 
GDR 1 
Iraq 
Iraq 
Poland 
Poland 
Poland 
Poland 
Poland 
Mutagenic 
treatment 
&parent 
Seeds, gamma 
rays 
Cross: with X-
rays induced ti 
mutant 
Gamma rays, 
40 Gy 
Gamma rays, 
30 Gy 
Gamma rays, 
70 Gy 
Gamma rays. 
70 Gy 
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Chabaski 
Severinovskie 
Parikapatskie 4 
KIU-82 
1987 
1992 
1986 
1987 
USSR 
USSR 
USSR 
USSR 
Seeds, Gamma 
rays, 60 Gy, 
Cross: ti mutant 
"Minden" 
Cross: 
TJ3177/77 
NEU (Uladovskii 
X Fribo) 
MNH {KYU-82 x 
Fribo) 
ENH, MNH, 
DES, DMA, EI 
Chemical 
mutagen 
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CHAPTERS 
MATERIALS AND METHODS 
3.1. Materials 
3.1.1. Varieties used 
Two varieties of faba bean [Viciafaba L.) namely NDF-1 and 
HB-405 were used in the present study. Seeds of both the varieties 
were procured from the Government Seed Store, Aligarh. A brief 
description of the varieties, provided by Dr. R P Dua, Scientist, 
National Bureau of Plant Genetic Resources (NBPGR), New Delhi is 
given below: 
3.1.1.1. Variety NDF-1 
Local collection from Pithla village, Distt. Faizabad, U.P. 
3.1.1.2. Variety HB-405 
Line derived from the cross between cultivars EL-243835 X 
Vikrant. This hybrid is released as a variety for cultivation. 
3.1.2. Mutagens used 
Two chemical mutagens were used in the present study viz; HZ 
(Hydrazine hydrate) and MH (Maleic hydrazide). 
3.1.2.1. Hydrazine hydrate (HZ) NH2-NH2.H2O 
HZ, base analogue, is manufactured by Qualigen fine chemical, 
Mumbai. 
3.1.2.2. Maleic hydrazide (MH) C4H4N2O2 
Maleic hydrazide (l,2-dihydro-3,6-pyridazinedione)was 
synthesized by Curtius and Fosterling in 1895 from maleic anhydride 
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and hydrazine. MH is a white solid, decomposing at 260 ^C. In 
agriculture MH is used as plant growth inhibitor. MH is manufactured 
by Loba chemie, Mumbai. 
3.2. Experimental procedures 
3.2.1. Preparation of mutagenic solutions 
The solutions of chemical mutagens, HZ and MH were 
prepared in phosphate buffer of pH 7. Only freshly prepared solutions 
were used for all the treatments. Different concentrations were 
prepared by using the following formula: 
SiVi = S2V2 
Where, Si = Concentration of stock solution 
Vi = Volume of stock solution 
S2 = Concentration of solution desired 
V2 = Volume of solution required 
3.2.2. Methods of treatment with chemical mutagen 
Healthy seeds of uniform size of both the varieties were used 
in the present experiments. Seeds, presoaked in distilled water for 9 
hours, were treated with chemical mutagens for 6 hours. Seeds 
soaked in distilled water were used as controls. Flasks containing 
seeds in the mutagenic solution were intermittently shaken to ensure 
sufficient aeration. After the treatment period, seeds were thoroughly 
washed in running tape water to remove the excess of mutagen. 
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3.2.3. Mutagens administration 
Concentrations used: The following concentrations of chemical 
mutagens used for the treatment of presoaked seeds. 
HZ: 0.01%, 0.02%, 0.03%, 0.04% 
MH: 0.004%, 0.006%, 0.008%, 0.01% 
Sample size: 345 seeds were used for each treatment and control. 
Control: For each variety, 300 pre-soaked seeds were again soaked in 
phosphate buffer for 6 hours to serve as controls. 
3.3. Ml generation 
A field experiment was conducted during winter (rabi) season 
of 2009 at the Agricultural Farm, Aligarh Muslim University, Aligarh. 
Treated seeds were sown in the field with three replications in a 
complete randomized block design (CRBD), with each replication 
consisting 100 seeds. The distance between the seeds in a row and 
between the rows was kept as 30 cm. The remaining seeds from each 
treatment and control were germinated in petriplates containing moist 
cotton, placed in B.O.D. incubator which was maintained at 25±loC 
temperature in order to determine the effect of mutagens on seed 
germination and seedling height (including root and shoot length). The 
following studies were carried out in Mi generation. 
3.3.1. Seed germination 
After recording germination counts, the percentage of seed 
germination was calculated on the basis of total number of seeds 
sown in petriplates. Seeds which gave rise to both radical and plumule 
were considered as germinated. 
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No. of seed germinated 
Germination (%) = - , , ^ . x 100 
^ ' Total no. of seed sown 
3.3.2. Seedling height 
Seedling height was estimated after 10 days by measuring 
the root and shoot lengths of fifteen randomly selected seedlings for 
each treatment. Seedling injury, as measured by the reduction in the 
root and shoot length, was calculated in terms of percentage of root 
and shoot injury. 
3.3.3. Plant survival 
The surviving plants in different treatments were counted at 
the time of maturity and the survival was computed as percentage of 
the germinated seeds in the field. 
3.3.4. Pollen fertility 
Pollen fertility was estimated from fresh pollen samples. 
From mature anthers, some amount of pollen was dusted on a slide 
containing a drop of 1% acetocarmine solution. Pollen grains, which 
took stain and had a regular outline were considered as fertile, while 
empty and unstained ones as sterile. 
The following formula was used to calculate the percentage 
inhibition or injury or reduction: 
Percentage inhibition 
or 
n ^ • • Control- Treated Percentage mjuiy = x 100 
or 
Percentage reduction 
Control 
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3.3.5. Morphological variants 
Some induced morphological variants affecting plant form, 
height and leaf were isolated in Mi generation. Frequency of each 
variant was calculated in both the varieties. 
3.3.6. Cjrtological studies 
Meiotic studies were carried out to estimate the potency of 
chemical mutagens (HZ and MH) in relation to the induction of 
chromosomal abnormalities at various stages of cell division. For 
meiotic studies, young flower buds from 20-25 randomly selected Mi 
plants from each treatment in both the varieties were fixed in Carney's 
fluid (1 part glacial acetic acid: 3 parts chloroform: 6 parts of ethyl 
alcohol) for 30 minutes. The material was then transferred to 
propionic alcohol saturated with ferric acetate for 24 hours. The flower 
buds were washed with and preserved in 70% alcohol. Anthers were 
smeared in 1% acetocarmine solution and pollen mother cells were 
examined for their behavior at various stages of microsporogenesis. 
Photographs were taken from temporary preparations. 
The root tops were pre treated with 0.2% para -dichlorobenzene 
for 2h, washed with water, hydrolyzed in 10 N-1 HCL, again washed 
with water and store in 70% alcohol. Squashing was done in 1% 
acetocarmine. 
3.3.7. Quantitative traits 
Observations were made on 30-35 normal looking plants in each 
treatment along with the control. The following nine quantitative traits 
were thoroughly studied in Mi generation. 
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1) Plant height (cm): Plant height was measured at maturity in 
centimeters from the base up to the apex of the plant. 
2) Days to flowering: Number of days taken by the plant from the 
date of sowing up to the date of opening of first flower bud. 
3) Days to maturity: Number of days taken by the plant from the 
date of sowing up to the date of harvesting of the plant. 
4) Number of fertile branches: Number of fertile branches was 
counted at maturity as the number of branches, which had 
more than one pod. 
5) Number of pods: Number of pods was counted at maturity as 
the number of pods borne on the whole plant. 
6) Pod length (cm): The pod was measured in centimeters and the 
mean for each selected plant was calculated for pod length. 
7) Seeds per pod: The best pods were threshed and the number of 
seeds per pod was counted. The mean was calculated for each 
plant. 
8) 100 seed weight (g): It was taken as a weight of a random 
ssimple of 100 seeds from each plant. 
9) Total plant yield (g): Plant yield was the weight of total number 
of seeds harvested per plant and the yield of each plant was 
recorded in grams. 
3.4. Statistical analysis 
Assessment of variability 
An insight into the magnitude of variability present in a crop 
species is of utmost importance, as it provides the basis of effective 
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selection. The variability present in breeding population of the two 
varieties of faba bean was assessed by using simple measures of 
veiriability. Data collected for nine quantitative traits in Mi generation 
were subjected to statistical analysis to find out range, mean, 
standard error, standard deviation and coefficient of variability. 
3.4.1. Range 
It is the difference between the lowest and the highest values 
present in the observations included in a sample. 
3.4.2. Mean (x) 
The mean is computed by taking the sum of the number of 
values (Xi, X2 Xn) and dividing by the total number of values 
involved, thus, 
^ J X , + X, + X3 X„) 
N 
Or 
N 
Where, Xi, X2, X3 Xn = Observations 
N = Total number of observations involved. 
3.4.3. Standard error (S.E.) 
It is measure of the uncontrolled variation present in a 
sample. It is estimated by dividing the standard deviation by the 
square root of the number of obserevations in the sample and is 
denoted by S.E., thus 
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_ S.D. of the sample 
o.hi. — p= 
VN 
Where, S.D. = Standard deviation 
N = Number of observations 
3.4.4. Standard deviation (S.D.) 
The standard deviation is calculated by the following formula 
for each parameter of study. 
^^j{x-x,y+{x-x,y (x-xj 
N 
Where, (X) = Mean of observations involved 
Xi, X2 Xn = Observations 
N = Total number of observations 
3.4.5. Coefficient of variability (C.V.) 
It measures the relative magnitude of variation present in 
observations as the ratio of standard deviation to the arithmetic mean 
expressed as percentage and is a unit less number. The following 
formula is applied to compute coefficient of variability (C.V.). 
C.V. (%) = Standarddeviation ^ 
X 
Or 
- 2£ .100 
X 
Where, S.D. = Standard deviation of sample 
X = Arithmetic mean 
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CHAPTER-4 
EXPERIMENTAL RESULTS 
The Ml generations arise directly from the chemically treated 
seeds. Hence, maximum mutagenic damage can be anticipated in Mi 
in terms of morpho-physiological changes and disturbed meiosis 
leading to pollen sterility. Thus, two types of experimental studies 
were conducted with treated seeds: (i) B.O.D. petriplates experiment to 
evaluate germination count and seedling height in mutagenized 
population and untreated (control) population and (ii) field 
experiments to estimate plant survival at maturity, pollen fertility, 
quantitative traits and to collect Mi seeds for raising M2 population. 
4.1 . Biological damage 
The effect of chemical mutagenic treatments were studied on 
seed germination, seedling height, plant survival at maturity, cytology 
and pollen fertility in the two varieties of faba bean in Mi generation. 
4.1 .1 . Seed germination 
Data recorded on seed germination are presented in Tables 5-6; 
plate-I. A gradual decrease was observed in seed germination with 
increasing concentrations of mutagens in both the varieties, viz; NDF-
1 and HB-405. Both the varieties differed in the extent of reduction in 
seed germination. Seed germination was affected more adversely in 
the var. NDF-1 than the var. HB-405. Germination was recorded 100 
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percent in the control population of both the varieties. In all the 
treatments maximum inhibition was found on 0.01% MH in both the 
varieties. MH treatments were most effective in reducing seed 
germination than HZ treatments. Maximum inhibition in seed 
germination 40.00% was recorded at 0.01% MH in the var. NDF-1 
(Table 6). 
Germination started on the second day after sowing in control, 
in both the varieties. However, it was delayed by more than three days 
in HZ and five days in MH treated seeds, mostly with higher 
concentrations of mutagens. 
4.1.2. Seedling height (cm) 
Data recorded for seedling height of 10 days old seedling, raised 
in petriplates in B.O.D. incubator, are given Tables 9-10. Results 
showed that both the mutagens brought about reduction in seedling 
height with respect to control population. Seedling height was 14.71 
and 16.79 cm in the control population of the varieties NDF-1 and 
HB-405 respectively. Seedling injury ranged from 18.43 - 24.54% in 
the var.NDF-1 and 20.78-26.74% in var. HB-405. In the MH 
treatments range of seedling injury was 72.75 - 79.60% and 70.51 -
82.07% in the varieties NDF-1 and HB-405 respectively. 
The seedling injury was more pronounced in plants raised from 
MH treated seeds. The higher concentrations of mutagens showed 
more seedling injury comparatively to lower concentrations, in both 
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the varieties. Variety HB-405 was more sensitive with respect to 
seedling injury. 
4.1.3. ANOVA for seed germination and seedling height 
Both the varieties (NDF-1 and HB-405) differed significantly 
(P<0.05, 0.01) between themselves for seed germination Table 7-8 and 
seedling height Table 11-12 for HZ and MH treatments. Similarly, 
variances among treatments (4 concentrations of mutagen plus 
control) were also significantly high. Variety x treatment (AxB) 
interaction was also significant for seed germination and seedling 
height. 
4.1.4. PoUen fertmty 
The study of pollen fertility in mutagen treated population forms 
a reliable index in assessing any internal change in the plant as well 
as in determining the efficiency of a mutagen. The pollen fertility was 
dose dependent as evident from a proportionate decrease with 
increasing concentrations of HZ and MH in both the varieties (Table 
13) % pollen sterility ( % age reduction) induced by MH treatments 
was higher as compared to HZ treatments in both the varieties. In 
general var. NDF-1 showed higher pollen sterility than the var. HB-
405. 
4.1.5. Plant survival 
Data on plant survival in Mi generation, recorded at maturity 
are presented in Table 13. Percentage of plant survival decreased in all 
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TableS: Seed germination in the two varieties of Viciafaba 
treated with HZ. 
Variety 
NDF-1 
HB-405 
Treatment 
Control 
0.01%HZ 
0.02%HZ 
0.03%HZ 
0.04%HZ 
Total 
Control 
0.01%HZ 
0.02%HZ 
0.03.%HZ 
0.04%HZ 
Total 
Total 
Seed 
germination 
R-I 
15 
13 
11 
11 
10 
6 0 
15 
13 
12 
11 
11 
6 2 
122 
R-II 
15 
13 
13 
10 
10 
6 1 
15 
14 
12 
12 
12 
6 5 
126 
R-III 
15 
14 
12 
10 
9 
6 0 
15 
14 
13 
10 
11 
6 3 
123 
Total 
45 
40 
36 
31 
29 
181 
45 
41 
37 
33 
34 
120 
3 7 1 
Mean 
15.00 
13.33 
12.00 
10.33 
9.66 
15.00 
13.66 
12.33 
11.00 
11.33 
Seed germination 
Actual 
% 
100.00 
88.88 
80.00 
68 .88 
64.44 
100.00 
91.11 
82.22 
73.33 
75 .55 
%age 
inhibition 
-
-11.13 
-20.00 
-31.13 
-35.60 
-
-8.93 
-17.80 
-26.66 
24.46 
Table6: Seed germination in the two varieties of Vicia faba 
treated with MH. 
Variety 
NDF-1 
HB-405 
Treatment 
Control 
0.004%MH 
0.006%MH 
0.008%MH 
0.01%MH 
Total 
Control 
0.004%MH 
0.006%MH 
0.008%MH 
0.01%MH 
Total 
Total 
Seed 
germination 
R-1 
15 
13 
11 
10 
10 
59 
15 
13 
12 
10 
10 
60 
119 
R-II 
15 
13 
13 
10 
9 
60 
15 
13 
13 
11 
9 
61 
121 
R-III 
15 
13 
11 
10 
8 
57 
15 
14 
11 
10 
9 
59 
116 
Total 
45 
39 
35 
30 
27 
176 
45 
40 
36 
31 
28 
180 
356 
Mean 
15.00 
13.00 
11.66 
10.00 
9.00 
15.00 
13.33 
12.00 
10.33 
9.33 
Seed germination 
Actual 
% 
100.00 
86.66 
77.77 
66.66 
60.00 
100.00 
88.88 
80.00 
68.88 
62.22 
%age 
inhibition 
-
-13.33 
-22.26 
-33.33 
-40.40 
-
-11.13 
-20.00 
-31.13 
-37.78 
Table 7: ANOVA for seed germination (for HZ treatments). 
Source of 
variation 
Total 
Replication 
Variety (A) 
Treatment (B) 
Interaction 
(AxB) 
Error 
d.f. 
30-1 = 2 9 
3-1 = 2 
2-1 = 1 
5-1 = 4 
1x4 = 4 
8 
S.S. 
85.10 
0.05 
2116.21 
68.33 
2130.33 
2.68 
M.S. 
-
-
2116.21 
17.08 
532.58 
0.1488 
F 
-
-
14221.8** 
114.78** 
3579.16** 
-
Tabular F 
F0.05 
-
-
4.44 
2.93 
2.93 
-
FO.Ol 
-
-
8.28 
4.53 
4.50 
-
S * * Significant at P<0.05 and <0.01 respectively 
Table 8: ANOVA for seed germination (for MH treatments). 
Source of 
variation 
Total 
Replication 
Varity (A) 
Treatment (B) 
Interaction 
(AxB) 
Error 
*, * * Signifies 
d.f. 
30-1 = 29 
3-1 = 2 
2-1 = 1 
5-1 = 4 
1x4 = 4 
8 
m t at P<0. 
S.S. 
4347 
1.87 
24.23 
19388.70 
19252.83 
8.13 
05 and P< 
M.S. 
-
-
24.23 
4847.17 
4813.20 
0.45 
0.01 resi 
F 
-
-
53.64** 
10771.40** 
10696.54** 
-
jectively 
Tabular F 
F0.05 
-
-
4.41 
2.93 
2.93 
-
FO.Ol 
-
-
8.28 
4.58 
4.58 
-
Table 9: Seedling height in two varieties of Viciafaba 
treated with HZ. 
Variety 
NDF-1 
HB-405 
Treatment 
Control 
0.01%HZ 
0.02%HZ 
0.03%HZ 
0.04%HZ 
Total 
Control 
0.01%HZ 
0.02%HZ 
0.03%HZ 
0.04%HZ 
Total 
Total 
Seedling height (cm) 
R-I 
14.85 
12.00 
11.50 
11.35 
11.00 
60.70 
16.90 
13.00 
12.11 
12.00 
12.90 
66.91 
127.61 
R-II 
14.50 
12.00 
11.50 
11.40 
11.11 
60.51 
16.77 
13.50 
12.80 
12.50 
11.21 
66.78 
127.28 
R-III 
14.80 
12.01 
11.45 
11.50 
11.20 
60.96 
16.70 
13.40 
12.50 
12.80 
12.80 
68.20 
129.16 
Total 
44.15 
36.01 
34.45 
34.25 
33.31 
182.17 
50.37 
39.90 
37.41 
37.30 
36.91 
201.89 
384.06 
Mean 
14.71 
12.00 
11.48 
11.41 
11.10 
16.79 
13.30 
12.47 
12.43 
12.30 
% age 
seedling 
injury 
-
-18.43 
-21.97 
-22.43 
-24.54 
-
-20.78 
-25.72 
-26.01 
-26.74 
Table 10: Seedling height in two varieties of Vicia faba 
treated with MH. 
Variety 
NDF-1 
HB-405 
Treatment 
Control 
0.004%MH 
0.006%MH 
0.008%MH 
0.01%MH 
Total 
Control 
0.004%MH 
0.006%MH 
0.008%MH 
0.01%MH 
Total 
Total 
Seedling height (cm) 
R-I 
14.85 
4.00 
4.00 
4.01 
3.00 
29.86 
16.90 
4.96 
4.01 
4.12 
3.01 
33.00 
62.86 
R-II 
14.50 
4.01 
3.99 
3.97 
3.01 
29.48 
16.77 
4.95 
4.03 
4.95 
3.02 
33.72 
63.20 
R-III 
14.80 
4.02 
3.98 
3.99 
3.00 
29.79 
16.70 
4.96 
4.07 
4.51 
3.02 
33.25 
63.05 
Total 
44.15 
12.03 
11.97 
11.97 
9.01 
89.13 
50.38 
14.87 
12.11 
13.58 
9.05 
99.91 
189.12 
Mean 
14.71 
4.01 
3.99 
3.99 
3.00 
-
16.79 
4.95 
4.02 
4.26 
3.01 
-
-
% age 
Seedling 
injury 
-
-72.75 
-72.87 
-72.87 
-79.60 
-
-
-70.51 
-76.05 
-74.62 
-82.07 
-
-
Table: 11 ANOVA for seedling height (for HZ treatments). 
Source of 
variation 
Total 
Replication 
Variety (A) 
Treatment (B) 
Interaction (AxB) 
Error 
d.f. 
30-1 = 29 
3-1 = 2 
2 -1= 1 
5-1 = 4 
1 x 4 = 4 
18 
S.S. 
85.10 
0.05 
2116.21 
68.33 
2130.33 
2.68 
M.S. 
-
-
2116.21 
17.08 
532.58 
0.1488 
F. 
-
-
14221.80" 
114.78" 
3579 .16" 
Tabular F 
F0.05 
-
-
4.44 
2.93 
2.93 
FO.Ol 
-
-
8.28 
4.53 
4.50 
* * * Signilical at P<0.05 and P<0.01 respectively 
Table: 12 ANOVA for seedling height (for MH treatments). 
Source of 
variation 
Total 
Replication 
Variety (A) 
Treatment (B) 
Interaction (AxB) 
Error 
d.f. 
30-1 = 29 
3-1 = 2 
2-1 = 1 
5-1 = 4 
1 x 4 = 4 
18 
S.S. 
685.84 
0.13 
3.93 
677.51 
4.32 
0.21 
M.S. 
-
-
3.93 
169.37 
0.32 
0.01 
F. 
-
-
338 .79" 
14.60" 
2 7 . 5 8 " 
-
Tabular F 
F0.05 
-
-
4.44 
2.93 
2.93 
-
FO.Ol 
-
-
8.28 
4.53 
4.50 
-
* * * Significant at P<0.05 and P<0.01 respectively 
Table 13: Effect of mutagens on plant survival and pollen 
fertility in the two varieties of Viciafaba, 
Variety 
HB-405 
NDF-1 
-Plants V 
Treatment 
Control 
0.01%HZ 
0.02%HZ 
0.03%HZ 
0.04%HZ 
0.004%MH 
0.006%MH 
0.008%MH 
0.01%MH 
Control 
0.01%HZ 
0.02%HZ 
0.03%HZ 
0.04%HZ 
0.004%MH 
0.006%MH 
0.008%MH 
0.01% MH 
/ere not sun 
Plant survival at 
maturity (%) 
99.33 
86.89 
78.18 
62.80 
62.50 
84.29 
76.92 
59.70 
-
99.66 
89.37 
81.30 
71.68 
74.66 
86.14 
79.16 
67.63 
-
rived in 0.01% B 
Pollen fertility 
Actual (%) 
99.50 
93.99 
93.90 
92.58 
92.25 
90.21 
90.10 
89.20 
99.20 
93.80 
93.25 
92.09 
92.00 
90.01 
90.00 
89.00 
-
iIH treatment ix 
%age 
reduction 
-
-5.53 
-5.62 
-6.95 
-7.28 
-9.33 
-9.44 
-10.35 
-
-5.44 
-5.99 
-7.16 
-7.25 
-9.26 
-9.27 
-10.28 
-
1 both the 
varieties. 
C 0.01 0.02 0.03 0.04 
HZ(%» 
Fig. 5a: EfTect of HZ on seed germination (%) in two varieties of faba bean. 
C 0.004 0.006 0.008 0.01 
MH(%) 
Fig. 5b: Effect of HH on seed germination (%) in two varieties of faba bean. 
C 0.01 0.02 0.03 0.04 
HZ(%| 
Fig. 6a: EfTect of HZ on mean seedling height (cm) in two varieties of faba bean. 
INDF-1 •HB-405 
C 0.004 0.006 0.008 0.01 
MH(%) 
Fig. 6b: Effect of MH on mean seedling height (cm) in two varieties of faba bean. 
C 0.1 0.2 0.3 0.4 
Fig. 7a: Effect of HZ on mean pollen fertility in two varieties of faba bean. 
0.004 0.006 0.008 
MH(V4 
Fig. 7b: Effect of MH on mean pollen fertility in two varieties of faba bean. 
C 0.01 0.02 0.03 0.04 
HZr/4 
Fig. 8a: Effect of HZ on Plant survival at maturity (%) in two varieties of faba bean. 
C 0 
C 0.004 0.006 0.008 
Fig. 8b: EfTect of VSH on Plant survival at maturity (%) in two varieties of faba bean. 
the mutagenic treatments in both the varieties. Plants were not 
survived in 0.01% MH treated population of both the varieties. All the 
plants died at seedling stage. In general, plant survival was dose 
dependent. 
4.2. Morphological variation 
Screening phenotypically detectable variation in mutagens 
treated population in Mi generation revealed a wide range of 
morphological variation Tables 14-15; Plates I-VI. Their frequency of 
occurrence differed between mutagens and also between the two 
varieties. Var. NDF-1 showed maximum frequency (10.82%) as 
compared to 8.29% in the var. HB-405. Frequency of morphological 
variation was higher in the HZ treatments than those of MH (Table 
15). 
4.2.1. Growth habits 
(ijDwarf variants: These plants possessed short internodes. Mean 
height of such plant were reduced to 20.10 cm as compared to 40.00 
cm in the control plants. Number of pods was significantly reduced in 
such plants. Such plants were isolated at the higher concentrations of 
the mutagens in both the varieties. 
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(ii)TaU variants 
Tall plants obtained from the lower concentrations of the 
mutagens. Average height of these plants was 52.00 cm. Number of 
branches and pods in tall plants did not differ significantly from the 
control plants of the parental varieties. 
Long internode: Long internode was found in both the varieties and 
in both the mutagens. Number of leaves was less in this variant and 
height was more comparatively control plants. 
(iii) Branching Variants 
Branching variants were obtained from the lower concentration 
of the mutagens. Number of branches and pods in bushy variants did 
not differ significantly from the control plants of the parental varieties. 
Bushy variants: In the control plant, 2-3 branches arise from the 
base of plant and no secondary branching occurred above this level. 
Among the mutagens treated Mi population, an increase number of 
basal branches leading to a bushy appearance of plant were 
recovered. These plants had reduced plant height and secondary 
branches number of pods and pod size were recorded larger than the 
control. 
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(iv) Vegetative variants 
Such plants were noticed in MH treatments in the var. NDF-1. They 
had an erect stem and continued to grow vegetatively by the time 
other plants were setting pods. 
(v) Unbranched with short internodes 
Branches were drastically reduced in these plants. Internodes 
were short, number of leaves and pod less in comparison to control 
plants. Such plants were noticed only in MH treatments in the var. 
HB-405. 
4.2.2. Leaf variation 
Many leaf varisints were recorded which could be useful in crop 
improvement programmes. The leaf in faba bean is compound with 
the number of leaflets varying from 2 to 5. The following types of leaf 
variants were observed in the present study. 
(i) Size and shape 
Broad leaflets: Plants possessing broad, thick and dark green leaflets 
were encountered in HZ treated population of both the varieties. The 
plants were vigorous and fertile. 
Narrow long leaflets: Plants possessing narrow long leaflets were 
encountered more frequently at the higher concentrations of the 
mutagens. 
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Fused leaflets: The leaflets were fused at the base and only the tips 
were free. 
(ii)Texture: 
Leaf had rough, thick and leathery surface rather than the 
smooth surface of the parental varieties 
(iii) Arrangement 
Variants showed more diverse leaf attachment to the base than 
the parental varieties. These modifications lead to a change in leaf 
arrangement canopy. 
Unifoliate: Unlike the normal bifoliate condition, some leaves were 
unifoliate. Such leaves were smaller in size and encountered at the 
higher concentrations of both the mutagens. 
Trifoliate: Trifoliate leaves were observed at the lower concentrations 
of the hydrazine hydrate in both the varieties. Leaves were normal in 
size, dark green in colour and the plant possessing these leaves were 
vigorous and have more number of flowers and pods. 
4.2.3. Pod and seed variations 
Pod and seed variants were observed in various concentrations 
of both the mutagens (Plate V-VI). Control plants had single pod at 
each node whereas number of pods increased from 2 to 4 at the lower 
concentration of HZ in both the varieties. Pod length was also 
increased or decreased after mutagenic treatments. Lower 
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concentration of the mutagens increased the length of pod whereas 
higher concentrations decreased the pod length and maximum 
reduction in pod length was noticed in MH treated population of both 
the varieties. Greater reduction in seed size was noticed at 0.008% MH 
in both the varieties (Plate-V; Fig.4). Seed of control plant were 
chocolate brown in colour. Seeds were bold light brown and yellowish 
green in colour in some treatments of both the mutagens. 
4.2.4. Chlorovariants 
During the first 15 days at seedling stage, chlorophyll variations 
were recorded in the field in both the varieties of faba bean after 
mutagen treatments. Spectrum of Mi chlorophyll variants included 
albina, xantha tigrina and virescent. Virescent survived up to maturity 
and produced few seeds, while albina, xantha and tigrina died at 
seedling stage. Hydrazine hydrate induced greater number of colour 
variants than maleic hydrazide. A brief description of different 
chlorophyll deficient variants is given below: 
Albina: It is a lethal mutant, easily identified in the field because of 
white leaves of seedlings. These seedlings survived for 8-10 days after 
germination. 
Xantha: Leaves were yellowish orange in colour, seedlings survived for 
10-15 days only. 
Tigrina: Leaves were light green with dark green patches. The mutant 
survived for about two weeks. 
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Virescent: Leaves were white or light yellow in colour, with patches of 
yellowish green or light green colour that appeared gradually. In most 
cases, these yellowish or light green patches completely disappeared 
and a normal colour was regained. They were as vigorous as the 
normal paints and set seeds. 
4.3. Cytological abnormalities induced by mutagens 
In control plants, meiosis was normal. In the treated plants, the 
normal meiosis was disturbed as it was characterized by the presence 
of various types of chromosomal aberrations Table 16-17 and plates 
VII-XII show the cytological effects observed following treatments with 
HZ and MH. Chromosome aberrations increased with the increasing 
concentrations of both the mutagens in both the varieties. The 
frequency of meiotic aberrations was comparatively more in the 
var.NDF-l than the var. HB-405. Maximum aberrations were noticed 
in MH than HZ treatments in both the varieties of faba bean. 
4.3.1.1. Chromosomal aberration at metaphase I and II. 
Univalents: The univalents were observed at the metaphase I in al 
most all the treatments. The univalents ranged from 0.40-1.20% in HZ 
treatments and 0.88-1.25% MH treatments in the var. NDF-1. In the 
var. HB-405 the range was 0.30-1.19% and 0.86%-1.20% in HZ and 
MH treatments respectively. MH induced more univalents than HZ. 
Maximum frequency of univalents was recorded at the highest 
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concentrations of mutagens in both the varieties. Frequency of 
univalents was higher in the var. NDF-1 than the var. HB-405. 
Multivalents: Multivalents were observed at the metaphase I in the 
treated population in both the varieties. Frequency of multivalent 
ranged from 0.80-0.85% (HZ) and 0.89-1.25% (MH) in the var. NDF-1. 
In the var. HB-405, it was 0.80-0.83% (HZ) and 0.87-1.23% (MH). MH 
showed higher frequency of multivalents than the HZ in both the 
varieties. Maximum frequency of multivalents was 1.25% (MH) in the 
var. NDF-1 and 1.23% in the var. HB-405. Var. NDF-1 showed more 
frequency of multivalents in comparison to the var. HB-405. 
Stickiness: Stickiness or clumping of chromosomes at metaphase l/ll 
was the common meiotic aberrations. Chromosomes were clumped 
either in one or different groups. Frequency of PMCs showing 
stickiness ranged from 0.30-2.11% (HZ) and 1.02-2.19% (MH) in the 
var. NDF-1. In the var. HB-405 range was from 1.00-2.08% (HZ) and 
1.00- 2.18% (MH). MH showed more frequency of PMCs with 
stickiness than the HZ. The highest concentrations of the mutagen 
treatment showed the highest frequency of PMCs with stickiness in 
both the varieties. The var. NDF-1 showed more frequency of 
stickiness than the var. HB-405. 
Straybivalent: Straybivalents were observed in all the mutagenic 
treatments in both the varieties. Frequency of PMCs with 
straybivalents ranged from 0.45 -1.50% (HZ) and 1.00-1.51% (MH) in 
the var.NDF-1. In the var. HB-405 range was from 0.43-1.48% (HZ) 
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and 1.00-1.48% (MH). MH treatments induced more frequency of 
PMCs with straybivalents than the HZ treatments. In MH treatments, 
the maximum frequency of PMCs with straybivalents was 1.51% in the 
var. NDF-1 and 1.48% in the var. HB-405. Var. NDF-1 showed more 
frequency of straybivalents than the ver. HB-405. 
4.3.1.2. Chromosomal aberrations at anaphase I and II 
The dominant chromosomal aberrations at anaphase I/II were 
laggards. Chromatin bridges and unequal separation of chromosomes. 
Laggards: Laggards were observed in almost all the concentrations of 
the mutagens. These laggards were present either as univalents or as 
whole bivalents at anaphase I/II. The frequency of PMCs with laggards 
ranged from 0.59- 1.20% (HZ) and 0.78-1.25% (MH) in the var. NDF-1. 
In the var. HB-405 range was from 0.53- 0.59% (HZ) and 0.60-1.19%. 
In MH treatments the maximum frequency of PMCs with laggards was 
1.25% in the var. NDF-land 1.19% in the var. HB-405. Var. NDF-1 
showed more frequency of laggards than the var. HB-405. 
Bridges: Bridges at anaphase I/II stages were frequently observed in 
all the mutagens treatments in both the varieties. But were more 
frequent in MH treatments than HZ treatments. The frequency of 
PMCs with bridges ranged from 1.25-1.30% (HZ) and 1.67-1.80% (MH) 
in the var. NDF-1. In the variety HB-405 range was from 1.23-1.29% 
(HZ) and 1.99-2.00% (MH). Var.NDF-1 showed more frequency of 
PMCs with bridges than the var. HB-405. 
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4.3.1.3. Chromosomal aberrations at telophase I/II 
The commonly recorded chromosomal aberrations at telophase 
I/II were micronuclei, disturbed polarity multinucleate condition and 
cytomixis. 
Micronuclei: The micronuclei were observed in almost all the 
treatments except 0.03% HZ and 0.006% MH in the var. NDF-1 and 
0.008% MH treatment in the var. HB-405. The frequency of PMCs with 
micronuclei ranged from 1.50-1.56% (HZ) and 2.01- 2.20% (MH) in the 
var. NDF-1. In the var. HB-405 range was 1.45-1.50% (HZ) and 2.00-
2.18% (MH). MH treatments induced more frequency of PMCs with 
micronuclei than the HZ treatments. Variety NDF-1 showed more 
frequency of PMCs with micronuclei than the var.HB-405. 
Disturbed polarity: Disturbed polarity is a dominant chromosomal 
aberration observed at telophase II in all the mutagen treatments in 
both the varieties. Disturbed polarity showed greater frequency of MH 
treatments than the HZ treatments in both the varieties. The 
frequency of PMCs showing disturbed polarity ranged from 1.22-
1.50% (HZ) and 1.20-1.50% (MH) in the var. NDF-1. In the variety HB-
405 range was from 1.20-1.28% (HZ) and 1.19-1.45% (MH). Var. 
NDF-1 showed more frequency of PMCs with disturbed polarity than 
the var. HB-405. 
Multinucleate condition: Multinucleate condition was observed in 
almost all the treatments of the mutagens. The frequency of PMCs 
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with multinucleate condition ranged from 1.08-1.65% (HZ) and 1.19-
2.25% (MH) in the variety NDF-1. In the variety HB-405 range was 
1.10-1.64% (HZ) and 1.08 -2.20% (MH). The maximum frequency of 
PMCs showing multinucleate condition was 2.25% and 2.20% in the 
varieties NDF-1 and HB-405 respectively. 
Cytomixis: C5^omixis was observed in al most all the mutagenic 
treatments. The frequency of PMCs with cytomixis was 1.19-1.28% 
(HZ) and 1.50-1.80% in the var. NDF-1. In the var. HB-405 range was 
from 1.18-1.21% (HZ) and 1.40-1.78% (MH). The maximum frequency 
of PMCs showing cytomixis was 1.80% and 1.78% in the var. NDF-
land HB-405 respectively. 
In addition of the above mentioned meiotic chromosomal 
aberretions, few aberrations like, cytomixis at metaphase I disturbed 
anaphase II and nons3nichronization at telophase II were also noticed 
in some PMCs after mutagen treatments in both the varieties of faba 
bean. 
4.3.2. Mitotic studies 
The somatic chromosome number in Viciafaba is 12 i.e. 2n=12. 
The behavior of chromosomes at stages of mitosis was normal in 
control plants, however, the mutagens (MH and HZ) treated somatic 
cells (root tips) showed stickiness, anaphasic bridge, laggards and 
forward chromosome which occurred at various frequencies in two 
varieties. For both the mutagens the frequency was positively 
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Table 14: Frequency and spectrum of morphological variation 
induced by mutagens in the two varieties of Vicia 
faba. 
Types of 
Variations 
Growth habits 
Dwarf 
Tall 
Bushy 
Vegetative 
Unbranched 
with 
shortinternodes 
Leaf Variation 
Shape 
Texture 
Size 
Arrangement 
Pod and seed 
variation 
Chlorovariants 
Total no. of 
morphological 
variations 
Total no. of Mi 
plants 
Frequency (%) 
Var. 
No. of 
variants 
14 
17 
9 
6 
-
17 
17 
21 
10 
5 
13 
129 
1192 
NDF-1 
Frequency 
1.17 
1.42 
0.05 
0.75 
0.50 
1.42 
1.42 
1.76 
0.83 
0.41 
1.09 
-
-
10.82 
Var. 
No. of 
variants 
9 
24 
7 
-
4 
29 
11 
28 
8 
3 
12 
135 
1628 
HB-405 
Frequency 
0.55 
1.47 
0.42 
0.05 
0.24 
1.78 
0.67 
1.71 
0.49 
0.18 
0.73 
-
-
8.29 
Table: 15 Frequency of morphological variation in HZ and MH 
treated population of Viciafaba. 
Mutagen 
HZ 
MH 
Total no. of Mi 
plants 
1591 
1229 
Number of 
Variants scored 
162 
110 
Frequency (%) 
10.18 
8.95 
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correlated with the concentration. Moreover, these abnormalities 
increased only with the increasing concentrations of mutagens. Higher 
concentrations of mutagens affected drastically the nor: ^ 
// 
mitotic chromosomes. 
4.4.Quantitative traits ' ^ ^ ' 
Data recorded on the effect of various treatments of 
in the two varieties of faba bean is given in Tables 18-35. Statistical 
analysis was done to fmd out mean, standard error, shift in mean, 
coefficient of variation and pooled mean for nine quantitative traits 
namely plant height (cm), days to flowering, days to maturity, number 
of fertile branches, number of pods, pod length (cm), number of seeds 
per pod, 100 seed weight (g) and yield per plant (g). In the present 
study, mean values for quantitative traits shifted in both positive as 
well as in negative directions, being more in the positive side for the 
traits like, pods per plant, seed per pod and total plant yield. Mean 
values for days to flowering, days to maturity, pod length and 100-
seed weight shifted positively in HZ treatments whereas a negative 
shift in mean was noticed for these traits in MH treatments. Plant 
height in shifted towards negative direction almost all mutagenic 
treatments. However, the shift in mean values, except in few 
mutagenic treatments was insignificant. 
Coefficient of variation (CV) of the mutagens treated population 
differed from trait to trait. The highest increase in CV over control was 
55 
recorded for plant height, seeds/pod and pod length in both the 
varieties of faba bean. 
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Table 18: Estimates of mean (X), range, shift in (X), standard 
deviation (S.D.) and coefficient of variation (C.V.) 
for plant height (cm) of Viciafaba var. NDF-1. 
Treatment 
Control 
0.01% HZ 
0.02 % HZ 
0.03 % HZ 
0.04 % HZ 
Pooled Mean 
L.S.D. 
(P <0.05) 
(P<0.01) 
0.004% MH 
0.006% MH 
0.008% MH 
Pooled Mean 
L.S.D. 
(P<0.05) 
(P<0.01) 
Mean ± S.E. 
39.40 ±4.29 
34.40±3.51 
32.50+1.52 
29.80±1.77 
26.10±1.60 
30.70±2.10 
37.20+2.58 
30.73±1.61 
36.2611.71 
31.39±1.96 
Range 
10-55 
13-54 
22-40 
17-38 
18-36 
33-45 
12-37 
14-35 
Shift 
in(X) 
-
-5.00 
-6.90 
-9.60 
-13.30 
7.89 
10.49 
-2.20 
-8.67 
-3.14 
6.40 
4.81 
S.D. 
16.62 
13.56 
5.89 
6.88 
6.19 
9.98 
6.25 
6.63 
C.V. (%) 
42.18 
39.41 
18.12 
23.08 
23.71 
26.08 
26.82 
20.33 
18.28 
21.81 
Table 19: Estimates of mean (X), range, shift in (X), standard 
deviation (S.D.) and coefficient of variation (C.V.) 
for plant height (cm) of Viciafaba var. HB-405. 
Treatment 
Control 
0.01% HZ 
0.02 % HZ 
0.03 % HZ 
0.04 % HZ 
Pooled Mean 
L.S.D. 
(P <0.05) 
(P<0.01) 
0.004% MH 
0.006% MH 
0.008% MH 
Pooled Mean 
L.S.D. 
(P<0.05) 
(P<0.01) 
Mean ± S.E. 
41.33±1.54 
41.06+1.24 
40.66±1.50 
35.06±2.14 
26.27±1.71 
35.76±1.64 
39.2010.86 
35.73±1.17 
30.80±1.73 
34.91±1.25 
Range 
26-48 
35-49 
31-48 
21-46 
14-35 
34-44 
26-45 
17.38 
Shift 
in(X) 
-
-0.27 
-0.67 
-6.27 
-15.06 
4.70 
5.31 
-2.13 
-5.60 
-10.53 
1.93 
2.18 
S.D. 
5.98 
4.97 
5.82 
8.29 
6.63 
3.36 
4.54 
6.88 
C.V. (%) 
14.46 
12.10 
14.31 
23.64 
25.23 
18.82 
8.57 
12.70 
22.33 
14.53 
Table: 20 Estimates of mean(X), range, shift in (X), standard 
deviation (S.D.) and coefficient of variation (C.V.) 
for days to flowering of Viciafabavax, NDF-1. 
Treatment 
Control 
0.01% HZ 
0.02 % HZ 
0.03 % HZ 
0.04 % HZ 
Pooled Mean 
L.S.D. 
(P <0.05) 
(P<0.01) 
0.004% MH 
0.006% MH 
0.008% MH 
Pooled Mean 
L.S.D. 
(P<0.05) 
(P<0.01) 
Mean ± S.E. 
42.00±0.49 
40.86±0.52 
42.86±0.56 
44.00±0.53 
45.00±0.53 
43.18±0.53 
42.00±0.21 
40.06±0.22 
42.93±0.34 
41.66±0.25 
Range 
39-45 
44-39 
49-39 
46-40 
47-42 
41-43 
38-42 
41-45 
Shift 
in(X) 
-
-1.14 
+0.86 
+2.00 
+3.00 
1.97 
1.48 
0.00 
-1.94 
+0.93 
3.35 
1.13 
S.D. 
1.88 
2.03 
2.19 
2.07 
1.96 
0.84 
0.88 
1.33 
C.V. (%) 
4.47 
4.96 
5.10 
4.70 
4.35 
4.77 
2.00 
2.19 
3.09 
2.42 
Table: 21 Estimates of mean (X), range, shift in (X), standard 
deviation (S.D.) and coefficient of variation (C.V.) 
for days to flowering of Viciafaba var. HB-405. 
Treatment 
Control 
0.01% HZ 
0.02 % HZ 
0.03 % HZ 
0.04 % HZ 
Pooled Mean 
L.S.D. 
(P <0.05) 
(P<0.01) 
0.004% MH 
0.006% MH 
0.008% MH 
Pooled Mean 
L.S.D. 
(P<0.05) 
(P<0.01) 
Mean ± S.E. 
41.73±0.70 
40.20±1.01 
42.46±0.97 
43.60±0.43 
44.86±0.42 
42.78±0.70 
41.66±0.30 
39.60±0.30 
42.80±0.28 
41.35±0.29 
Range 
39-45 
35-45 
39-47 
40-45 
42-48 
40-43 
38-41 
41-45 
Shift 
in(X) 
-
-1.53 
+0.73 
+ 1.87 
+3.13 
2.12 
2.82 
-0.07 
-2.13 
+ 1.07 
1.09 
1.46 
S.D. 
2.71 
3.93 
3.75 
1.68 
1.64 
1.17 
1.18 
1.08 
C.V. (%) 
6.49 
9.77 
8.83 
3.85 
3.65 
6.52 
2.80 
2.97 
2.52 
2.76 
Table: 22 Estimates of mean (X), range, shift in (X), standard 
deviation (S.D.) and coefficient of variation (C.V.) 
for days to maturity of Viciafaba var. NDP-1. 
Treatment 
Control 
0.01% HZ 
0.02 % HZ 
0.03 % HZ 
0.04 % HZ 
Pooled Mean 
L.S.D. 
(P <0.05) 
(P<0.01) 
0.004% MH 
0.006% MH 
0.008% MH 
Pooled Mean 
L.S.D. 
(P<0.05) 
(P<0.01) 
Mean ± S.E. 
100.73+0.34 
100.46±0.28 
101.86+0.30 
102.26±0.39 
102.93±0.40 
101.87±0.34 
99.06±0.31 
99.86±0.23 
100.9310.20 
99.95±0.24 
Range 
98-103 
99-102 
100-103 
100-104 
101-105 
97-100 
98-102 
100-101 
Shift 
in(X) 
-
-0.27 
+ 1.13 
+ 1.53 
+2.20 
1.22 
1.38 
-1.67 
-0.87 
+0.20 
2.75 
3.66 
S.D. 
1.33 
1.06 
1.18 
1.53 
1.57 
1.22 
0.91 
0.79 
C.V. (%) 
1.32 
1.05 
1.15 
1.49 
1.52 
1.30 
1.23 
0.91 
0.78 
0.97 
Table: 23 Estimates of mean (X), range, shift in (X), standard 
deviation (S.D.) and coefficient of variation (C.V.) 
for days to maturity of Vicia faba var. HB-405. 
Treatment 
Control 
0.01% HZ 
0.02 % HZ 
0.03 % HZ 
0.04 % HZ 
Pooled Mean 
L.S.D. 
(P <0.05) 
{P<0.01) 
0.004% MH 
0.006% MH 
0.008% MH 
Pooled Mean 
L.S.D. 
(P<0.05) 
(P<0.01) 
Mean + S.E. 
100.00+0.39 
99.60±0.39 
101.00±0.34 
101.80+0.27 
102.73±0.38 
101.28+0.34 
98.93±0.35 
99.46±0.16 
100.93±0.20 
99.77±0.23 
Range 
97-103 
97-102 
100-103 
100-104 
100-104 
96-100 
98-100 
100-102 
Shift 
in(X) 
-
-0.40 
+ 1.00 
+ 1.80 
+2.73 
0.51 
1.34 
-1.07 
-0.54 
+0.93 
1.04 
1.39 
S.D. 
1.51 
1.50 
1.30 
1.08 
1.48 
1.38 
0.64 
0.79 
C.V. (%) 
1.51 
1.50 
1.29 
1.06 
1.44 
1.32 
1.39 
0.64 
0.78 
0.93 
Table: 24Estimates of mean (X), range, shiiEt in (X), standard 
deviation (S.D.) and coefficient of variation (C.V.) 
for fertile branches per plant of Vicia faba var. 
NDF-1. 
Treatment 
Control 
0.01% HZ 
0.02 % HZ 
0.03 % HZ 
0.04 % HZ 
Pooled Mean 
L.S.D. 
(P <0.05) 
(P<0.01) 
0.004% MH 
0.006% MH 
0.008% MH 
Pooled Mean 
L.S.D. 
(P<0.05) 
(P<0.01) 
Mean + S.E. 
4.73±0.19 
4.93±0.15 
5.06±0.24 
5.53±0.51 
5.80±0.10 
5.33±0.25 
4.86±0.23 
4.93±0.20 
4.53±0.13 
4.77+0.18 
Range 
4-5 
4-5 
4-6 
5-6 
5-6 
1-4 
1-3 
1-2 
Shift 
in(X) 
-
+0.20 
+0.33 
+0.80 
+ 1.07 
0.45 
0.60 
+0.13 
+0.20 
-0.20 
0.63 
0.47 
S.D. 
0.45 
0.59 
0.96 
0.51 
0.41 
0.88 
0.79 
0.51 
C.V. (%) 
9.51 
11.96 
18.97 
9.22 
7.06 
11.80 
18.10 
16.02 
11.25 
15.12 
Table: 25 Estimates of mean (X), range, shift in (X), standard 
deviation (S.D.) and coefficient of variation (C.V.) 
for fertile branches per plant of Vicia faba var. HB-
405. 
Treatment 
Control 
0.01% HZ 
0.02 % HZ 
0.03 % HZ 
0.04 % HZ 
Pooled Mean 
L.S.D. 
(P <0.05) 
(P<0.01) 
0.004% MH 
0.006% MH 
0.008% MH 
Pooled Mean 
L.S.D. 
(P<0.05) 
(P<0.01) 
Mean ± S.E. 
4.86±0.09 
5.06±0.20 
5.40±0.19 
5.73+0.11 
6.00±0.13 
5.54±0.15 
4.90±0.16 
5.00+0.18 
4.76+0.16 
4.88±0.16 
Range 
4-5 
4-6 
4-6 
5-6 
6-7 
2-4 
1-3 
1-3 
Shift 
in(X) 
-
+0.20 
+0.54 
+0.87 
+ 1.14 
0.43 
0.58 
+0.04 
+0.14 
-0.10 
0.87 
1.16 
S.D. 
0.35 
0.79 
0.73 
0.45 
0.53 
0.63 
0.72 
0.65 
C.V. (%) 
7.20 
15.61 
13.51 
7.85 
8.83 
11.45 
12.85 
14.40 
13.65 
13.63 
Table: 26 Estimates of mean (X), range, shift in(X), standard 
deviation (S.D.) and coefficient of variation (C.V.) 
for number of pods/plant of Vicia faba var. NDF-
1. 
Treatment 
Control 
0.01% HZ 
0.02 % HZ 
0.03 % HZ 
0.04 % HZ 
Pooled Mean 
L.S.D. 
(P <0.05) 
(P<0.01) 
0.004% MH 
0.006% MH 
0.008% MH 
Pooled Mean 
L.S.D. 
(P<0.05) 
(P<0.01) 
Mean ± S.E. 
13.80±0.57 
15.66±0.52 
14.06±0.78 
15.40±0.83 
13.60±0.46 
14.28±0.58 
14.06±0.28 
15.50±0.41 
15.95±0.48 
15.17±0.39 
Range 
10-17 
12-19 
8-18 
10-20 
11-17 
12-15 
10-14 
9-13 
Shift 
in(X) 
+ 1.60 
+ 1.86 
+0.26 
-0.21 
1.84 
2.45 
+0.26 
+ 1.70 
+2.15 
1.37 
1.82 
S.D. 
2.21 
2.02 
3.05 
3.22 
1.80 
1.09 
1.62 
1.86 
C.V. (%) 
16.01 
12.89 
21.69 
20.90 
13.23 
15.95 
7.75 
10.45 
11.66 
9.95 
Table: 27 £stimates of mean(X), range, shift in (X), standard 
deviation (S.D.) and coefficient of variation (C.V.) 
for number of pods/plant of Vicia faba var. HB-
405. 
Treatment 
Control 
0.01% HZ 
0.02 % HZ 
0.03 % HZ 
0.04 % HZ 
Pooled Mean 
L.S.D. 
(P <0.05) 
(P<0.01) 
0.004% MH 
0.006% MH 
0.008% MH 
Pooled Mean 
L.S.D. 
(P<0.05) 
(P<0.01) 
Mean ± S.E. 
15.46±0.47 
16.53±0.54 
16.06±0.61 
16.33±0.26 
15.00±0.38 
15.76+0.50 
17.40±0.19 
17.00±0.19 
17.53±0.52 
17.31.0.3 
Range 
11-17 
13-20 
11-19 
10-21 
12-16 
12-14 
10-13 
7-13 
Shift 
in(X) 
+0.87 
+ 1.07 
+0.06 
-0.46 
1.63 
2.16 
+ 1.94 
+ 1.54 
+2.07 
1.24 
1.66 
S.D. 
1.80 
2.09 
2.37 
3.08 
1.46 
0.73 
0.75 
1.99 
C.V. (%) 
11.64 
12.64 
14.75 
18.86 
9.73 
12.19 
4.19 
4.41 
11.35 
6.65 
Table: 28 Estimates of mean (X), range, shift in (X), standard 
deviation (S.D.) and coefficient of variation (C.V.) 
for seeds/pod of Viciafaba var. NDF-1. 
Treatment 
Control 
0.01% HZ 
0.02 % HZ 
0.03 % HZ 
0.04 % HZ 
Pooled Mean 
L.S.D. 
(P <0.05) 
(P<0.01) 
0.004% MH 
0.006% MH 
0.008% MH 
Pooled Mean 
L.S.D. 
(P<0.05) 
(P<0.01) 
Mean ± S.E. 
2.46±0.13 
3.00±0.16 
2.86±0.25 
2.60±0.25 
2.53±0.24 
2.74±0.19 
2.00±0.19 
2.66±0.21 
2.5310.17 
2.39±0.19 
Range 
2-4 
2-4 
1-4 
1-4 
1-4 
1-3 
1-3 
1-3 
Shift 
in(X) 
-
+0.54 
+0.40 
+0.14 
+0.07 
-2.45 
-3.26 
-0.46 
+0.2 
+0.07 
0.45 
0.60 
S.D. 
0.51 
0.65 
0.99 
0.98 
0.91 
0.75 
0.81 
0.63 
C.V. (%) 
20.73 
21.66 
34.61 
37.69 
35.96 
32.48 
37.50 
30.45 
24.90 
30.95 
Table: 29 Estimates of mean(X), range, Shift in(X), standard 
deviation (S.D) and coefiicient of variation (C.V.) 
for seeds/ pod of Vicia/aba var. HB-405. 
Treatment 
Control 
0.01% HZ 
0.02 % HZ 
0.03 % HZ 
0.04 % HZ 
Pooled Mean 
L.S.D. 
(P <0.05) 
(P<0.01) 
0.004% MH 
0.006% MH 
0.008% MH 
Pooled Mean 
L.S.D. 
(P<0.05) 
(P<0.01) 
Mean ± S.E. 
2.73±0.18 
3.06±0.12 
2.80±0.17 
3.0C±0.16 
3.20±0.17 
2.9310.17 
3.20±0.20 
3.86±0.22 
3.46±0.13 
3.50±0.18 
Range 
1-4 
2-4 
1-4 
2-4 
2-4 
1-3 
1-3 
1-2 
Shift 
in(X) 
-
+0.33 
+0.07 
+0.27 
+0.47 
0.46 
0.62 
+0.47 
+ 1.13 
+0.73 
0.42 
0.57 
S.D. 
0.70 
0.45 
0.67 
0.65 
0.67 
0.77 
0.83 
0.51 
C.V. (%) 
25.64 
14.70 
23.92 
21.66 
20.93 
23.03 
24.06 
21.50 
14.73 
20.09 
Table: 30 Estimates of mean (X), range, Shift in (X), standard 
deviation (S.D.) and coefficient of variation (C.V.) 
for pod length (cm) of Viciafaba var. NDF-1. 
Treatment 
Control 
0.01% HZ 
0.02 % HZ 
0.03 % HZ 
0.04 % HZ 
Pooled Mean 
L.S.D. 
(P <0.05) 
(P<0.01) 
0.004% MH 
0.006% MH 
0.008% MH 
Pooled Mean 
L.S.D. 
(P<0.05) 
(P<0.01) 
Mean ± S.E. 
4.76±0.34 
4.89±0.34 
4.98±0.33 
5.50±0.21 
4.7510.34 
5.03±0.30 
4.42±0.32 
3.9510.25 
2.9410.85 
3.7710.47 
Range 
2.8-6 
2.8-6 
2.2-6 
3.5-6 
2.9-6 
2.8-6 
2.8-5.5 
2.5-3.5 
Shift 
in(X) 
-
+0.13 
+0.2 
+0.74 
-0.01 
0.87 
1.16 
-0.34 
-0.81 
-1.82 
0.59 
0.78 
S.D. 
1.21 
1.31 
1.27 
0.82 
1.31 
1.24 
0.96 
0.33 
C.V. (%) 
25.42 
26.78 
25.50 
14.90 
27.57 
23.68 
28.05 
24.30 
11.14 
21.16 
Table: 31 Estimates of mean (X), range, Shift in (X), standard 
deviation (S.D.) and coefficient of variation (C.V.) 
for pod length (cm) of Viciafaha var. HB-405. 
Treatment 
Control 
0.01% HZ 
0.02 % HZ 
0.03 % HZ 
0.04 % HZ 
Pooled Mean 
L.S.D. 
(P <0.05) 
(P<0.01) 
0.004% MH 
0.006% MH 
0.008% MH 
Pooled Mean 
L.S.D. 
(P<0.05) 
(P<0.01) 
Mean ± S.E. 
4.19±0.43 
4.58±0.35 
4.69±0.38 
4.06±0.36 
4.25±0.40 
4.39110.27 
3.91±0.16 
3.50±0.20 
2.98±0.14 
3.4610.16 
Range 
1.5-6 
2.2-5.5 
2.1-5.6 
1.9-5.9 
2.1-6.5 
2.3-4.5 
2.2-4.5 
2.3-4 
Shift 
in(X) 
-
+0.39 
+0.50 
-0.13 
+0.06 
1.09 
1.45 
-0.28 
-0 .69 
-1.21 
0.60 
0.81 
S.D. 
1.65 
1.39 
1.46 
1.38 
1.57 
0.60 
0.81 
0.55 
C.V. (%) 
39.37 
30.34 
31.13 
33.99 
36.94 
33.10 
15.34 
23.14 
18.45 
18.97 
Table: 32 Estimates of mean (X), range, shift in (X), standard 
deviation (S.D.) and coefEicient of variation (C.V.) 
for 100 seed weight (g) of Viciafaba var. NDF-1. 
Treatment 
Control 
0.01% HZ 
0.02 % HZ 
0.03 % HZ 
0.04 % HZ 
Pooled Mean 
L.S.D. 
(P <0.05) 
(P<0.01) 
0.004% MH 
0.006% MH 
0.008% MH 
Pooled Mean 
L.S.D. 
(P<0.05) 
(P<0.01) 
Mean ± S.E. 
25.35 ±0.08 
26.27± 0.08 
25.56 10 .10 
25.61 ±0.10 
29.10 ±0.12 
26.63 ± 0 . 1 0 
24.97 ±0.27 
24.04 ±0.22 
25.13 ±0.24 
25.04 ± 0.24 
Range 
20.99-22.01 
25.90-27.10 
24.99-26.00 
24.98-26.00 
28.10-29.80 
17.25-19.80 
16.22-19.20 
14.35-16.78 
Shift 
in(X) 
-
+0.92 
+0.21 
+0.26 
+3.75 
0.27 
0.36 
-0.38 
-0.31 
-0.22 
0.95 
1.26 
S.D. 
0.30 
0.31 
0.39 
0.38 
0.46 
1.05 
0.85 
0.94 
C.V (%) 
1.18 
1.18 
1.52 
1.48 
1.58 
1.44 
4.20 
3.53 
3.74 
3.82 
Table: 33 Estimates of mean (X), range, shift in (X), standard 
deviation (S.D.) and coefficient of variation (C.V.) 
for 100 seed weight (g) of Viciafabavar. HB-405. 
Treatment 
Control 
0.01% HZ 
0.02 % HZ 
0.03 % HZ 
0.04 % HZ 
pooled Mean 
L.S.D. 
(P <0.05) 
(P <0.01) 
0.004% MH 
0.006% MH 
0.008% MH 
Pooled Mean 
L.S.D. 
(P<0.05) 
(P<0.01) 
Mean ± S.E. 
27.94±0.12 
28.16±0.14 
27.51±0.07 
27.80±0.12 
30.75±0.60 
28.55±0.23 
27.91+0.53 
27.71±0.34 
27.13+0.39 
27.58±0.42 
Range 
24.08-25.80 
27.50-28.99 
27.10-27.98 
27.18-28.90 
29.18-39.18 
17.20-24.99 
17.28-21.00 
16.20-19.99 
Shift 
in(X) 
-
+0.22 
+0.43 
-0.14 
+2.81 
0.82 
1.09 
-0.03 
-0.23 
-0.81 
0.95 
1.26 
S.D. 
0.47 
0.53 
0.29 
0.46 
2.35 
2.07 
1.31 
1.50 
C.V. (%) 
1.68 
1.88 
1.05 
1.65 
7.64 
3.05 
7.14 
4.72 
5.52 
5.79 
Table: 34 Estimates of mean (X), range, shift in (X), standard 
deviation (S.D) and coefficient of variation (C.V.) 
for total plant yield (g) of ViciafabavsiT. NDF-1. 
Treatment 
Control 
0.01% HZ 
0.02 % HZ 
0.03 % HZ 
0.04 % HZ 
Pooled Mean 
L.S.D. 
(P <0.05) 
(P<0.01) 
0.004% MH 
0.006% MH 
0.008% MH 
Pooled Mean 
L.S.D. 
(P<0.05) 
(P<0.01) 
Mean ± S.E. 
17.69±0.71 
18.47±0.21 
18.22±0.23 
18.28±0.24 
18.34±0.27 
18.32±0.23 
17.77±0.13 
16.69±0.13 
17.28±0.15 
17.24+0.13 
Range 
17.00-18.99 
18.21-19.21 
17.14-19.99 
17.14-18.81 
17.14-19.99 
14.91-15.45 
15.11-16.11 
16.18-17.98 
Shift 
in(X) 
-
+0.78 
+0.53 
+0.59 
+0.65 
2.23 
2.96 
+0.08 
-1.00 
-0.41 
1.50 
1.99 
S.D. 
0.61 
0.80 
0.91 
0.93 
1.04 
0.53 
0.49 
0.57 
C.V. (%) 
3.44 
4.33 
4.99 
5.08 
5.67 
5.01 
2.98 
2.93 
3.29 
3.06 
Table: 35 Estimates of mean (X), range, shift in (X), standard 
deviation (S.D.) and coefilcient of variation (C.V.) 
for total plant yield (g) of Viciafaba Var. HB-405. 
Treatment 
Control 
0.01% HZ 
0.02 % HZ 
0.03 % HZ 
0.04 % HZ 
Pooled Mean 
L.S.D. 
(P <0.05) 
(P<0.01) 
0.004% MH 
0.006% MH 
0.008% MH 
Pooled Mean 
L.S.D. 
(P<0.05) 
(P<0.01) 
Mean ± S.E. 
17.93±0.08 
18.54±0.21 
18.33±0.27 
18.40±0.16 
18.50±0.22 
18.44±0.25 
18.27±0.13 
18.02±0.19 
17.15±0.10 
17.81+0.14 
Range 
17.21-18.26 
17.88-19.21 
17.14-19.99 
17.14-18.88 
17.21-19.21 
14.25-15.99 
15.21-17.29 
16.20-17.98 
Shift 
in (X) 
-
+0.61 
+0.40 
+0.47 
+0.57 
0.56 
0.74 
+0.34 
+.09 
-0.78 
0.34 
0.45 
S.D. 
0.32 
0.81 
1.04 
0.62 
0.85 
0.49 
0.77 
0.40 
C.V. (%) 
1.78 
4.36 
5.68 
3.36 
4.60 
4.50 
2.68 
4.27 
2.33 
3.09 
Plate-I: Seed germination in the control and treated population 
of faba bean var. NDF-1. 
Fig. 1: Control (Var. NDF-1) 
Fig.2: 0.01% HZ treated seeds 
Fig.3: 0.04% HZ treated seeds 
Fig.4: Control (Var. NDF-1) 
Fig.5: 0.004% MH treated seeds 
Fig.6: 0.01% MH treated seeds. 
PLATE-I 
Plate-II: Morphological variants isolated in Mi generation. 
Fig. 1: Control plant 
Fig. 2: Dwarf variant 
Fig.3: Tall variant 
Fig.4: Unbranched with short intemode variant 
Fig. 5: Vagetative variant 
Fig.6: Bushy variant 
PLATE-II 
K-'«'^V*T||I 
^^^^^^^E. I^ H> 
Br '' ' ^ 
1 '^  1 
1 
i 
1 
Plate-Ill: Leaf variants isolated in Mi generation. 
Fig.l: Control 
Fig. 2: Broad leaflets 
Fig.3: Narrow leaflets 
Figs.4865: Fused leaflets 
Fig.6: Leaflets with thick, rough and leathery surface 
Fig. 7: Unifoliate leaf 
Fig.8: Trifoliate leaf 
PLATE-III 
Plate-IV: Chlorovariants isolated in Mi generation. 
Fig. 1: Albina variant 
Fig. 2: Xantha variant 
Fig. 3: Tigrina variant 
Fig.4: Virescent variant 
PLATE-IV 
Plate-V: Seed and pod variants isolated from Mi generation. 
Fig. 1: Control seeds 
Fig. 2: Seeds with light brown colour 
Fig.3: Seeds with yellowish green colour 
Fig. 4: Small sized seeds 
Fig. 5: Pods of the control and treated population 
PLATE-V 
Plate-VI: Pod variants isolated in Mi generation. 
Fig. 1: One pod plant 
Fig. 2: One pod 
Fig.3: Two pods 
Fig. 4: Two pods plant 
Fig. 5: Three and four pods plant 
Fig.6: Four pods 
Fig. 7: Three pods 
PLATE-VI 
Plate-VII: PMC's showing meiotic abnormalities in the treated 
population of faba bean in the var. NDF-1. 
Fig. 1: Diakinesis (Control) 
Fig.2: Metephase-I (Control) 
Fig. 3: Stickiness at Metaphase-I 
Fig.4: Stray bivelent with Sticky Metaphase-I 
Fig. 5: Anaphase-I (Control) 
Fig.6: Bridge at Anaphase-I 
Fig. 7: Laggard at Anaphase-I 
Fig. 8: Telophase -I (Control) 
Fig.9: Metaphase- II (Control) 
Fig. 10: Stray chromosome at Metaphase-II 
Fig. 11: Cytomixis at Metaphase-II 
Fig. 12: Laggard at Anaphase 
PLATE-VII 
Plate-VIII: PMC's showing meiotic abnormalities in the treated 
population of faba bean in the var NDF-1. 
Figs.l8&2: Disturbed Anaphase-II 
Fig.3: Nonsynchronization with bridge at Anaphase-II 
Figs.4, 5&6: Different kinds of Bridges at Anaphase-II 
Fig. 7: Telophase-II (Control) 
Fig.8: Bridge at Telophase-II 
Fig,9: Micronuclei at Telophase-II 
Figs. 10: Disturbed polarity at Telophase-II 
Figs. 11: Trinucleate condition at Telophase-II 
Fig. 12: Cytomixis at Telophase-II 
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Plate-IX: PMC's showing meiotic abnormalities in the treated 
population of faba bean in the var. HB-405. 
Fig. 1: Diakinesis (Control) 
Fig.2: Metaphase-I (Control) 
Fig. 3: Stickiness at Metaphase-I 
Fig. 4: Stray bivalent at Metaphase-I 
Fig. 5: Stray bivalent and stickiness at Metaphase-I 
Fig.6: Anaphase-I (Control) 
Figs.7&8: Laggard at Anaphase-I 
Fig. 9: Bridge at Anaphase-I 
Fig. 10: Telophase-I (Control) 
Fig. 11: Metaphase-II (Control) 
Fig. 12: Stickiness at Metaphase-II 
PLATE-IX 
Plate-X: PMC's showing meiotic abnormalities in the treated 
population of faba bean in the var. HB-405. 
Fig. 1: Stray chromosome at Metaphase-II 
Fig. 2: Anaphase-II (Control) 
Fig. 3: Disturbed Anaphase-II 
Figs.4,5&6: Different kinds of bridges at Anaphase-II 
Fig. 7: Multibridges at Anaphase-II 
Fig.8: Telophase-II (Control) 
Fig. 9: Trinucleate condition at Telophase-II 
Fig. 10: Micronuclei at Telophase-II 
Fig. 11: Disturbed polarity at Telophase-II 
Fig. 12: Cytomixis at Telophase-II 
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Plate-XI: RTC showing mitotic abnormalities in the treated 
population of faba bean in the var. NDF- 1. 
Figs.l&7: Early and late Prophase (Control) 
Fig. 2: Metaphase (Control) 
Fig,3: Early Anaphase (Control) 
Fig. 4: Bridge 
Fig. 5: Laggard at Anaphase 
Fig.6: Multibridges 
Fig. 8: Telophase (Control) 
Fig.9: Cell plate formation at Telophase 
PLATE-XI 
Plate-XII: RTC showing mitotic abnormalities in the treated 
population of faba bean in the var. HB-405. 
Fig.l: Prophase (Control) 
Fig. 2: Metaphase (Control) 
Fig.3: Forward chromosome at Metaphase 
Figs.4, 6 &7: Different kinds of Bridges 
Fig.5: Anaphase with forward chromosome and bridge 
Fig. 8: Telophase 
Fig.9: Cell plate formation at Telophase. 
PLATE-XII 
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CHAPTER-5 
DISCUSSION 
The genetic improvement of any crop mainly depends on the presence 
of genetic variability which arise either spontaneously or can be 
induced by the breeder. The studies of biological damage in terms of 
seed germination, growth injury at seedling stage, plant survival at 
maturity, pollen fertility and meiotic behavior in Mi generation are 
generally used to evaluate the mutagenic sensitivity of biological 
system under study. The present study was therefore, undertaken to 
assess the effects of hydrazine hydrate (HZ) and maleic hydrazide (MH) 
on biological damage and certain quantitative traits in two varieties 
(NDF-1 and HB-405) of faba bean in Mi generation. 
Reduction in seed germination mutagenic treatments has been 
explained due to delay or inhibition in physiological and biological 
processes necessary for seed germination which include activity 
(Kurbone et al, 1979), hormonal imbalance (Chrispeeds and Varner, 
1976) and inhibition of mitotic process (Ananath swamy et al, 1971). 
Reduction in seedling height may be due to inhibition of energy supply 
caused by mutagens and as a result of inhibition of mitosis which is 
primary requirement for seedling growth. Usaf and Nair (1974) 
inferred that gamma irradiation interfered with the synthesis of 
en2ymes involved in the formation of auxins and thus reduced the 
seed germination in potatoes. The reduction in seedling survival at 
maturity is attributed to cytogenetic damage and physiological 
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disturbances (Sato and Gaul, 1987). The biological damage was higher 
at higher doses of mutagens. The great sensitivity at higher mutagenic 
levels has been attributed to various factors such as changes in the 
metabolic activity of the cells (Natarajan and Shivshankar, 1965), 
inhibitory effects of mutagen (Sree Ramula, 1972) and to disturbances 
of balance between promoters and inhibitors growth regulators 
(Meherchandani, 1975). The HZ and MH caused disturbances in 
genetic and physiological activities leading to the death of the cells. 
The dose dependent pollen sterility was observed in the present 
study. Similar results were also reported by Fatma, 2007; Parveen, 
2008; Bhat et al, 2006 in Vidafaba and Khan et at, 2000 in Vigna 
radiata. The high sterility observed in the treated population may be 
attributed to vast array of meiotic aberrations that were induced by 
chemical mutagens leading to aberrant pollen grains. The reason of 
pollen sterility caused by these chemical mutagens may be attributed 
to a gene mutation or more probably invisible deficiencies. The lower 
concentration of mutagens showed less pollen sterility compared to 
the higher concentrations. It may be concluded such mutagenic 
treatments could be used favourablely for increasing mutation rate 
and obtaining a desirable spectrum of mutation in faba bean. 
Various chromosomal aberrations were noticed in mutagen 
treated population of faba bean. Chromosomal aberrations were found 
to be correlated with the concentration of chemical mutagens. Sticky 
chromosomes were first reported in maize (Beadle, 1932) and are seen 
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as intense chromatin clustering in the pachytene stage. The 
phenotypic manifestation of stickiness may vary from mild, when only 
a few chromosomes of the genome are involved, to intense with the 
formation of pycnotic nuclei that may involve the entire genome, 
culminating in chromatin degeneration. In faba bean varieties, 
stickiness was of both types. Some cells showed mild stickiness, in 
which case it was possible to identify the meiotic stage. In other cells, 
the intense phenotypic manifestation led to the formation of pycnotic 
nuclei. Chromosome stickiness may be caused by genetic or 
environmental factors. Genetically controlled stickiness has been 
described in other cultivated plants such as maize (Golubovaskaya, 
1989; Caetano-pereira et al, 1995), pearl millet (Rao et al, 1990) and 
wheat (Zanella et aZ.,1991). Several agents have been reported to 
cause chromosome stickiness, including X-ray, gamma rays (Rao and 
Rao, 1977; Al-Achkar et al, 1989), temperature (Ericksson, 1968) 
herbicides (Badar and Ibrahim, 1987) and some chemicals present in 
soil (Levan,1945; Steffensed, 1955; Caetano-pereira et al, 1955). 
However, the primary cause and biochemical basis of chromosome 
stickiness are still unknown. Gaulden (1987) postulated that sticky 
chromosomes may results from the functioning of one or two type of 
specific non histone proteins involved in chromosome origination, 
which are needed for chromatin separation and segregation. The 
altered functioning of these proteins leading to stickiness is caused by 
mutations in the structural gene coding for them (hereditary 
stickiness) or by the action of mutagens on the proteins (induced 
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stickiness). Bridges were observed with HZ and MH treatments in the 
present study. They may have been produced due to sub chromatic 
exchanges, unequal exchange of dicentric chromosomes. The 
occurrence of breaks at the same locus and their lateral fusion leads 
to the formation of dicentric chromosome which is pulled equally to 
both the poles forming bridges. An other striking reason seems to be 
the delay or failure of terminalization of chaismata as a result of 
which the ends of separated chromosomes remsiined mid way between 
the two poles. Sax (1960) and Saylor and Smith (1966) suggested that 
the formation of chromatin bridge might be due to the failure of 
chaismata in a bivalent to terminalise and the chromosomes get 
stretched between the poles. The chromatin transmigration between 
PMCs with cytoplasmic channels was observed in treated plants. It is 
considered to be a source of production of aneuploid and polyploid 
gametes (Kaul, 1990; Yen et al, 1993). The intensity of chromosome 
passage from one celled to the other during cytomixis depends upon 
the number and nature of cytoplasmic connections (Maria de Souza 
and Pagliarini, 1997). Among the factors proposed to cause cytomixis 
are the influence of gene, fixation effects, pathological conditions, 
herbicides and temperature (Caetano-Pereira and Pagliarini, 1997). 
Cytomixis may have serious genetic consequences by causing 
deviation in chomosome number and may represent an additional 
mechanism for the origin of aneuploidy and polyploidy (Sarvella, 
1958). 
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The univalents and multivatents were found in treated 
population and their frequency was maximum at higher dose of 
mutagen. The univalents and multivalents have also been observed in 
Physalis (Gupta and Roy, 1985) and in Viciafaha (Akhaury and Sinha, 
1994). Mutagen induced structural changes in chromosomes and gene 
mutations might be responsible for the failure of pairing among 
homologous chromosomes and hence the presence of univalents. 
Multivalent can be attributed to irregular pairing and breakage 
followed by translocation and inversions. According to Koduru and 
Rao (1981) the univalents which are formed just before metaphase I 
would lie close to each other with their kinetochores directed towards 
the spindle axis and the arms towards the outside, and would also be 
near to the equator. 
The anaphasic separation of univalents and bivalents depends 
on their position during metaphase I (Roller, 1938). According to him, 
the bivalent and univalents, which are at near the equator during the 
metaphase I segregate normally in anaphase 1 (Ostergren, 1951). Kaul 
and Murthy (1985) in their review paper refer to the genes that 
control, the normal spindle formation leading to proper separation of 
the bivalents and univalents. Mutation in these genes could lead to 
abnormal spindle formation and function leading to improper 
separation and uneven segregation of chromosomes to the opposite 
poles. Such gene multipolar telophase 1/11 that result in additional 
number of microspores or formation of micronuclei (Sjodin,1970). 
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The laggards observed during the present study might be due to 
the delayed terminaliztaion, stickiness of chromosomal ends or 
because of failure of the chromosomal movements (Jayabalan and 
Rao, 1987; Soheir et at, 1989). The occurrence of micronuclei at 
telophase II in the present case may results variation in number and 
size of pollen grains resulting from a mother cell (Bhattacharjee, 
1953). The disturbed polarity at anaphase and telophase stages could 
be due to the spindle disturbances. Cytomixis may occur between 
cells at different stages of division. 
The abnormal spindle observed in a few cells has been reported 
for other genera also (Harlan and De Wet, 1975; Veilleux, 1985). 
The cytological observations from treated root tip cells revealed 
that mutagens (HZ and MH) had a strong mito depressive effect on 
Vicia faba root tip meristem. Decline in mitotic index was clearly 
observed with increasing concentrations of the mutagens. Same 
finding was reported by Kaur and Grover (1985) and Kumar and 
Kumar (2000) on various crop plants, treated with various 
agrochemicals. Mitotic inhibition might be due to mitotic poison which 
cause metabolic imbalance and thus interfere the synthesis and 
structure of DNA resulting physiological effects and structural 
changes in chromosomes during division (Soni et al, 1982). Various 
kinds of chromosomal anomalies as observed in present study have 
also been noticed by Adam et al.{1990), Ahmad and Yasmin (1992) 
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and Kumar and Kumar (2000) on different crops applying different 
agrochemicals. 
From the present study and the work presented by earlier 
workers on this aspect especially Sjodin (1970), Gottschalk and Kaul 
(1980a, b) Kaul and Murthy (1985), Zickler and Kleckner (1999) and 
many other it is reaffirmed that meiosis and mitosis is a complex, 
coordinate activity involving several genes and that mutation in any 
one of these leads to irregularities. 
A wide range of morphological variations was induced in the 
present study, several of which useful from a breeder's point of view. 
The differences in the frequency of leaf mutation may be due to the 
number of gene with pleiotrophic effect. Rao and Jana (1976), 
Filippetti and Depace (1986), Fatma (2007) and Parveen (2008) also 
succeeded in inducing the leaf mutation in faba bean similar to the 
present findings. Study of genetic aspect of such variations would be 
useful in understanding the systematic development of this crop and 
also in the formulation of various plant types. Bushy plants 
characterized by increased branching have better yield potential 
because of their greater number of nodes and consequently increase 
number of fruits and seeds. Smaller leaflet coupled with compact 
arrangement could be utilized to develop dwarf plant type which could 
be grown at higher plant density. 
Enhancement of the frequency and spectrum of mutation in a 
predictable manner and consequent achievement of desirable plant 
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characteristics is an important goal of mutation research. Although 
high seed yield is the ultimate goal for legumes breeders, which is a 
composite character and, therefore, can be manipulated through the 
various components characteristics. Thus, manipulation of plant 
structural component to induce desirable alternations in the yield 
components provides valuable material for the breeders 
Mean and coefficient of variation for nine quantitative traits of 
faba bean provided sample evidence that mutagenic treatments could 
alter mean value and create additional genetic variability for polygenic 
traits. Khan (1990) and Wani and Khan (2006) reported variable 
response of quantitative characters to various mutagenic treatments 
in Vigna radiata. The extent of variation in mean value and CV was 
not same in two varieties showing the varietal differences. Variety 
NDF-1 was found to be more sensitive than HB-405. The sensitivity of 
an organism depends upon the mutagen employed, genetic make up 
and physiological factors such as pH, oxygen and temperature. 
Genetic differences even though very small can induce significant 
changes in the mutagen sensitivity which influenced various plant 
characters in Mi generation (Borojevic, 1970). Growth and yield 
parameters were affected by HZ and MH treatments in various ways. 
Higher concentrations of mutagen produced adverse affects on all the 
traits, on the other hand, lower concentrations of mutagens had 
positive effect on them. Growth promoting effects of mutagens when 
applied at lower doses have earlier been recorded in a number of crops 
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(Sax, 1963; Singh et al, 1978, Vankteshwarlu et al, 1978; Trivedi and 
Dubey, 1998; Khan and Wani 2004; Khan and Wani, 2006; Wani and 
Khan, 2007). 
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CHAPTER-6 
SUMMARY 
The present study was carried out using hydraizine hydrate (HZ) and 
maleic hydrazide (MH) on faba bean [Viciafaba L.) The main objectives 
of this study were to explore the possibility of inducing variability for 
quantitative traits in the two varieties viz., NDF-1 and HB-405 of faba 
bean. Various other aspects of this study were; (i) to study biological 
damage in Mi generation, (ii) to determine the frequency of 
morphological variation and (iii) to study the chromosomal 
aberrations. 
Ml generation was studied for such parameters such as 
percentage of seed germination, seedling height, pollen fertility and 
plant survival at maturity. A depression in seed germination, seedling 
height and pollen fertility was noted with increasing concentrations of 
mutagens. Such parameters were drastically affected in the MH 
treatments than the HZ treatments. Chromosomes abnormalities, 
recorded in the present study, involved univalents, multivalents, 
stickiness, straybivalents, misorientation, bridges, laggards, 
nonsynchronization, unequal separation, micronuclei disturbed 
polarity, and cytomixis. Such abnormalities were found to be directly 
correlated with the concentration of mutagens, MH induced a higher 
number of abnormal cells than HZ. 
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A wide spectrum of morphological variants was obtained in Mi 
generation. HZ treatments resulted in the highest frequency of 
morphological variants than MH. Induced queintitative variability was 
studied for certain quantitative traits. Mean values for all the nine 
quantitative traits shifted in both positive as well as in negative 
direction. However, the shift in mean, except in few mutagenic 
treatments was insignificant. Coefficient of variation (CV) of the 
mutagens treated population differed from trait to trait. The highest 
increase CV over control in was recorded for plant height, seed per 
pod and pod length in both the varieties of faba bean. 
Lower concentrations of mutagens were found to be effective in 
inducing variability in the two varieties of Viciafaba. 
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